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Preface. 

The following pages comprise, in a systematic manner, those prin- 
ciples of hydraulic and electrical engineering underiying the design of water 
power plant& With this end in view and with particular reference to the 
needs of engineers entrusted with the task of designing and constructing 
hydroelectric developments or reporting on their commercial success, an 
earnest effort has been made toward properly selecting and arranging the 
subject matter. 

In a work of this kind, the author has necessarily drawn freely from all 
sources of information, and he believes that due acknowledgment to them 
has been made. However, in some instances, search of the original has 
proved fruitless, and apologies are made to all engineers who may find 
their work used without any definite reference, such omission being 
unintentional. 

Some of the paragraphs which appear in the chapters on Pressure 
Pipes and Dams are reprinted with but little alteration from articles con- 
tributed by the author to the Engineering Record, Engineering News, and 
La Technique Moderne. 

In many other eases also, items of information have been drawn from 
the scientific litterature, the chief sources of such information having been, 
besides the journals mentioned above: The Electrical World, The Genercd 
Electric Review, The Electrical Journal, The Electrician, Transactions of 
the American Institute of Electrical Engineers, Transactions of the American 
Society of Civil Engineers, Zeitschrift des Vereins deutscher Ingenieure, 
Elektrische Kraftbetriebe und Bahnen. !Elektrotechnik und Maschinenbau, 
Elektrotechnische Zeitschrift, Schweizerische Bauzeitung, Le G6nie Civil, 
La Lumi^re Electrique, La Houille Blanche, Revue de M6canique, L'Industrie 
Min6rale, Elettrotecnica, Atti dell a Associazione Elettrotecnica Italiana. 

To the publishers of these journals, special thanks are due for many 
illustrations from which those of the present volume have been specially 
prepared. 
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VIII Preface. 

It is the wish and hope of the author that the collection and unifi- 
cation of the material and the method of treatment are sufficiently com- 
plete; the hope is also expressed that this book will be accorded favorable 
acceptance and consulted with profit. 

The author takes this opportunity to express his warm appreciation 
to Messrs. Hugh L. Cooper and B. H. Parsons, whose advice during several 
years of hydroelectric work has been invaluable. Thanks are due to Mr. 
Arthur L. Herrick, C. E., for his careful reading of the proofs and for 
the many important suggestions which he has made; to the publisher, for 
the special care and effort taken in accomplishing the publication of 
this book. 

New York, August 1921. 

Richard Muiler. 
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Chapter L Hydrology. 

L Classification of Streams. 

Streams may be classified according to the characteristics of their 
physical aspect, or otherwise, according to the relation of rainfall to run- 
off in their hydrological basin. 

In the first case four classes may be established : 

1) Large rivers, or streams of considerable discharge, small slope and 
nearly constant height of water level, except when torrential rains occur, 
then the flood discharge is considerable and prolonged. 

2) Torrential rivers. These generally have their origin in moimtai- 
nous regions and may be considered as being the tributaries of large 
rivers. Torrential rivers are characterized as flowing through narrow gorges 
of steep slopes, and are subject to sudden fluctuations due to excessive 
rainfall in their catchment area. 

3) Torrents are torrential rivers of short length, much steeper, and 
carrying stones and much silt. 

4) Brooks or creeks consist of small streams running slowly through flat 
country. Their water is generally clear, as the velocity is too low to wash 
the bed. 

Rivers may also be classified as regards run-off, that is by their "family" 
resemblances ^. 

''In the first class wiU fall streams where the maximum rainfall is from 
60 to 60 inches, with corresponding run-off somewhat more than one half 
of the rainfall. The minimum run-off will be about one half the rainfall 
or a little less. These statements are general ones to which there are excep- 
tions. Another class of streams are those with maximum rainfall on their 
catchments of 40 to 50 inches and with corresponding run-off somewhat 
less than one half the rainfall. The minimum run-off for these streams is v 
from one sixth to one fourth of the corresponding rainfall, or from about 
16 to 25%. A further class, the far Western streams, may be men- 
tioned, in which the run-off is only a very small percentage of the rainfall, 
in some cases not more than 4 to 5%, or at times even less. 

Probably, comprehensive study would further subdivide these streams, 
but the intention at present is to merely call attention to some of the more 
inarked pecuUarities as a basis for final detailed study. 

In addition to the classification of streams with reference to rainfall 
and run off, those with large evaporations may be placed in a class by 
themselves. Streams with large evaporation are, so far as known, always 
deforested." 

The rivers which are considered as best adaptable to the development of 
water power are those that offer a large discharge, a steep slope and a long 
course. These ideal conditions are seldom to be found however. 

* Relation of Rainfall to Run-oflF. U. S. Geological Survey Water Supply and Irri- 
gation Paper No. 80. 

^ MtUl^. Hydroelectrical Engineering. p.^.^.^ J ^^ GOOglC 
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2. Rainfall. 



All the water flowiDg in rivers is precipitated from the atmosphere 
as rain or snow. A warm atmosphere has a larger capacity for holding 
moisture, but on cooling, a temperature will be reached where the water 
begins to condense forming vapor or "clouds". The atmosphere is then 
said to be saturated, or to possess a relative humidity of one hundred 
per cent. If the process of condensation is rapid rainfall will occur. 

The quantity of yearly rainfall in a drainage basin is difficult to eva- 
luate exactly, although its intensity and distribution are the factors which 
most influence the run-off. 

Such amounts of rainfall may vary at different times for a same loca- 
lity, at the same time for different locations, and between great limits du- 
ring a period of one year. The mean yearly and seasonal rainfall for a 
same locality is nearly constant, as has been observed from records ex- 
tending over several years. 

It has been noted generally, that the amount of rain increases with 
the altitude, although this is not absolutely true for all cases. 

This amount is largest in the proximity of the ocean or of large 
bodies of water and along mountain ranges, especially but not necessarily 
if the range is parallel to the sea coast, close to it and with its direc- 
tion at right angle to the direction of prevailing winds. At higher alti- 
tudes, rapid cooling of the moisture laden air happens, due to the ex- 
pansion of the elastic air, and first condensation, then precipitation takes 
place. On the lee-side of the mountains, when the winds descend again 
to the low-lands, the atmosphere is often arid. 

Rain gauges or pluviometers are instruments of very simple design, 
destined to receive and measure the amount of rainfall for a locality where 
such instruments are placed. 

The pluviometer used by the United States Weather Bureau is well 
suited for the required measurements under ordinary conditions. This in- 
strument consists of a receiver, an overflow attachment, and a measuring 
tube. The exposed surface is connected by means of a reducing funnel 
with the measiuing tube, which has an inside area of cross section of * ^q 
the area of the surface of the receiver. Therefore the depth of precipitation 
is ten times less than the measured depth of water in the tube. 

The registering gauges, which are the most interesting ones, record at 
the same time the intensity a-s well as the length of time of the rainfall. Inac- 
curacies in rainfall records are sometimes due to poor exposure of instru- 
ments, or incorrect measurements of snowfall. It has been observed in 
most cases of incorrect recording, that the wind is more or less responsible, 
^and such inaccuracy will vary directly with the intensity of the wind. 

A rain gauge should preferably be placed in an open lot, disposed so 
that its superior orifice be in a horizontal plane, unobstructed by large 
trees or buildings. Nevertheless, there is a part of the precipitation which 
escapes the rain gauges placed in the drainage areas formed by very high 
mountains: this is the condensation which takes place on their summits 
at very high altitudes. 

Snowfall is measured with more or less difficulty, due to the fact that 
it is a difficult task to collect in a receptacle the real amount of snow 
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Run-ofif. 3 

falKng when there is wind. The best way, it is thought, is to allow the 
snow to fall on a prearranged platform, determine the definite area, collect 
a sample of it and melt it so that its water equivalent may be measured. 

Considering that observation stations are located in the lower alti- 
tudes, and that they do not possibly represent the records of precipita- 
tions at higher altitudes, it is seen that the appUcation of a few records to 
a large area may lead to considerable error. The horizontal and vertical 
distribution of stations is usualy made as uniform as possible and in such 
locations as to be readily accessible to a competent observer; when impor- 
tance of locality warrants it, such stations are in telegraphic proximity, 
and excessive rains are reported. 

Comparison of rainfall with measured stream flow shows that great 
errors will undoubtedly result, in attempts to determine the amount of water 
available or under consideration from rainfall data. In using such re- 
corded data, the conditions affecting its accuracy must be considered. It 
should be borne in mind that such records show only precipitation for small 
specified areas which are not representative of a considerable area. The 
number of gauges in any particular drainage basin must therefore be large. 

In order to compare rainfall and run-oflf, both records should be ex- 
pressed in depths in inches for the same drainage area under consideration, 
and should pertain to the same periods of time. As such observations, recor- 
ded through a few months are of no practical use, they must extend as 
much as possible over a period of one or more years. 

''Bainfall, as is well known, varies in amount in different parts of the world from 
almost nothing in the deserts of Africa, Central Asia, and the high lands of Peru, up 
to as much as 600 inches per annum at Cherrapongee in the Himalayas, and even 
within much narrower limits its variation in amount is very marked; for instance in 
England it varies from ahout 20 inches in some of the eastern counties up to 140 to 
165 inches per annum in the hills of Cumberland, Wales and Scotland^*'. 

R. F. Teele* states that the annual rainfall of eastern Minnesota, Wisconsin and 
Michigan ranges from 30 to 45 inches . . . Typical of the North Atlantic states, the 
normal annual rainfall of New Jersey is approximately 45 inches . . . The most humid 
portion of the agricultural East is subject to the greatest irregularity of rainfall. 
Mr. Teele refers to the southern states bordering on the Gulf of Mexico and the Atlantic 
Ocean, where the annual precipitation ranges from 45 to 55 inches. 

3. Run-off. 

Of the water which falls on the basin of a stream, that part which is 
not taken into the organism of plants, lost by evaporation of the sun, or 
absorbed by the earth, finds its way into streams as surf ace flow or run-off . 

M. Vermeule says that "Stream flow includes the water which passes di 
rectly over the surf ace to the stream, and also that which is temporarily ab- 
sorbedby the earth to be slowly discharged into the streams . A portion , usually 
extremely small, passes downward into the earth and appears neither as 
evaporation nor as stream flow. It is usually too small to be considered, 
and we may for our purpose assume that all of the rain which falls upon 
a given watershed and does not go off as stream flow is evaporated, using the 
latter word in the broadened sense." 

The rainfall being expressed in inches in depth, it has been found con- 
venient, for comparative purposes, to express thje run-off likewise, that 

* Sir Alexander R. Binnie, in Rainfall Reservoirs and Water Supply. Page 4. 

* R. P. Teele: Irrigation in the United States. 
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4 Hydrology. 

is to say in inches in depth over the entire water shed. The rate of flow, 
computed for power purposes, is always expressed in cubic feet per second. 



4. Mean Monthly Rainfall. 

Particular importance must be placed on the monthly distribution of 
rainfall. It is an observed fact that rain is more abundant in the winter 




Fig. 1. Types of Monthly Distribution of Precipitation in the United States. 
Rainfall Distribution in the U. S. (Percentage of fall in each month represented by heavy lines.) 
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Extended Rainfall Records. Relation of Rainfall to Run-off. 5 

months than in summer, when evaporation is at a maximum and vege- 
tation absorption is greatest. Such monthly flows do have an immediate 
bearing on the necessary storage capacity of reservoirs. 

Fig. 1 shows graphically the typical average monthly distribution 
of different sections of the country. The abscissae represent the percentage 
of the total yearly rain falling in the month. 

The monthly distribution varies in different locaUties although there 
is some similarity in distribution if some similarity in conditipns exists. 

For instance, in the Middle Atlantic and New England States, the 
distribution is quite uniform. In the plains a large percentage of the rain 
is falling in the summer months, and the distribution along the entire Paci- 
fic :Coast is very similar to that at San Francisco, California. 

5. Extended Rainfall Records. 

According to Mr. A. R. Binnie*, dependence can be placed on any 
good record of 36 years' duration to give a mean rainfall correct within 
2% of the truth. 

G. W. Rafter states that for records extending over a period of 20 to 
36 years in length the error may be expected to vary from 3.25 to 2.00% 
and that for shorter periods of 5, 10 and 15 years, the probable extreme de- 
viation from the mean would be 15, 8.25, and 4.75% respectively. A 20 years 
record, therefore, may be expected to show an error of 3.24%. This is about 
as close as rainfall records in this country can be expected to agree, as 
comparatively few are much beyond 20 years in extension. 

In his paper on the rainfall in the United States, Mr. Henry has exa- 
mined this question, using long records at New Bedford, St. Louis, Phila- 
delphia, Cincinnati, and other places. The rainfall has been measured at 
New Bedford for 83 consecutive years, and at St. Louis for 60 years. For 
a 10 year period Mr. Henry found the following variations from the normal: 

at New Bedford + 16®/o and — ll<^/o 

„ Cincinnati +20o/o „ —ll^lo 

„ St. Louis +170/0 „ -13«/o 

„ Forth Leavenworth + 16% „ — 18«/o 

„ San Francisco + ^ lo n — 10»/o 

For a 26 year period it was found that the extreme variation was 10% 
both at St. Louis and New Bedford. Mr. Henry reached vthe conclusion 
that at least 35 to 40 years' observations are required to obtain a result 
that will not depart more than + 5% from the true normal. The average 
variation of a 35 year period was found to be + 5% and for a 40 year 
period +3%. 

6. Relation of Rainfall to Run-off. 

Although it is generally impracticable to determine the quantity of 
run-off from the amount of rainfall, it has been observed that there is a 
more or less direct relation between run-off of streams and rainfall over 
their drainage area. The observed run-off however, does not vary in direct 

^ On Mean or Average Rainfall and the Fluctuations to which it is subject, by 
Alexander R. Binnie. Inst. C. E.: Proc. C. E. VoJ. CIX pp. 89—172. 
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Fig. 2. Comparison of Mean Monthly Rainfall and Run-off of Illinois River Basin. 

proportion to the rainfall. For instance Fig. 2, which is a comparative dia- 
gram of monthly rainfall and run-off of the Illinois River basin, shows for 

the year 1896, that to an 
increase of rainfall does 
not correspond an in- 
crease in run-off. Al- 
though heavy raining 
has occured in the sum- 
mer months of that year, 
the diagram seems to 
show that percolation 
and evaporation must 
have been very active. 
Fig. 3, shows for 
Lake Cochituate, preci- 
pitation , evaporation , 
run-off and mean annual 
temperature, plotted in 
the order of the preci- 
pitation. 

Mr. Geo. W. Rafter 1 
has made a careful ana- 
lysis of the available 
data, and some of his 
conclusions are as fol- 
lows: 

a) There is no gene- 
ral expression giving 
accurately the relation 
of rainfall to run-off. 
The run-off of a stream 
is influenced by so many 
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The Water Year. 7 

complex elements that the data are lacking for final conclusions. Every 
stream lb in effect a law unto itself. An empirical formula may, however, 
be made, which will give for some streams approximately the run-off 
for a series of years. 

b) The run-off of streams has generally been overestimated. The 
minimum flow may be as low as from 0.06 to 0.1 of a cu. ft. per second 
per square mile. Streams issuing from sand plains may show from 0.5 to 
0.6 of a cubic foot per square mile per sec. Generally speaking the range 
will not be outside of 0.05 to 0.6 of a cubic foot per square mile per second. 

c) The run-off of a stream is materially influenced by the number 
of lakes within its catchment area. 

d) Safe deductions can not be made from an average run-off. What 
is wanted is a clear statement of the minimum, together with the longest 
period which it may be expected to occupy. 

e) The influence of the May rainfall is such that when above the 
normal, stream flow is likely to be well maintained during the summer. 

f ) When rainfall is below the mean for several months, ground water 
may be expected to become continuously lower, with the result that the 
flow of the stream will be less. 

g) The run-off of streams will vary with the velocity of wind, pres- 
sure, force of vapor, etc. 

h) When a run-off record is given, without the rainfall, the rainfall 
may be computed by assuming the evaporation and making a series of 
approximations. 

i) The run-off of streams with very great difference in size of catch- 
ment areas may be experimentally compared. 

j) The extreme low water period may extend over at least two years 
and occasionally over three years. 

k) The ground water must be taken into account in order to under- 
stand all the pecxiUarities of flow. A very important effect of forests is 
in increasing the ground water flow. 

1) It is uncertain whether difference in geology has much influence 
as to run-off, although it appears that porous sandy soils do considerably 
affect the result. There are, however a number of cases which indicate that 
it may have important influence, although an examination of the evidence 
shows that the theory that forests materially influence the run-off is 
more reasonable than that percolation through geologic formations exer- 
cises much influence. 

7. The Water Year. 

Rainfall and run-off records are conveniently divided into three 
periods, for the greater portion of the United States, in order to permit a 
comprehensive understanding of their relation. These periods begin on De- 
cember 1st and end Nov. 30th. 

The storage period includes the months from December to May in- 
clusive. During this period, the evaporation and absorption by the orga- 
nisms of plants are relatively sUght, and it foUows to a great degree that 
the amount of water which can be stored is exhibited by the rainfall of the 
storage months. 

Digitized by VnOOQ IC 



8 



Hydrology. 



The growing period extends over the months of June, July and August, 
and these being the summer months, evaporation and plant absorption 
are at a maximum. M. Rafter states that frequently not more than 0.1 
of the rainfall appears in the streams, and sometimes not more than 0.05 
or even less. 

The replenishing period includes the months of September, October 
and November. In these months the rainfall is normal and the run-off 
is larger than during the growing period. 

An analysis of such data for the Muskingum, Hudson and Connecticut 
River as made by M. Rafter, are shown in tables I, II, III, and table IV 
shows the mean or average rainfall run-off and evaporation for storage, 
growing and replenishing periods for 12 streams of this country. 



Table I. Muskingum RiveVj 1888 — 1895, inclusive. 
[Catchment area = 5,828 square miles.^ 





1888. 


1889. 


1890. 


Evapo- 
ration. 


Period. 


Rain- 
fall. 


Run-off. 


Evapo- 
ratioik 


Rain- 
fall. 


Run-off. 


Evapo- 
ration. 


fall.' 1 Run-off. 


Storage 

Growing 

Replenishing 


17.16 
14.31 
11.14 


5.17 
1.77 
3.39 


11.99 

12.54 

7.75 


13.52 6.02 i 7.50 
12.12 1.24 t 10.88 
10.24 ' 0.96 1 9.28 


27.77 18.07 
13.68 2.64 
15.52 6.13 


9.70 

11.04 

9.39 


Year .... 


42.61 


10.33 


32.28 


35.88 


8.22 1 27.66 


56.97 26.84 


30.13 




1891. 


1892. 


1893. 


Storage 

Growing 

Replenishing 


16.72 
13.56 

7.08 


12.42 4.30 
1.77 11.79 
1.37 ' 5.71 

15.56 1 21.80 


20.39 9.06 11.33 

16.54 1 3.65 ; 12.89 

4.81 0.67 , 4.14 

41.74 1 13.38 1 28.36 


25.04 14.13 1 10.91 
8.31 1.22 ; 7.09 
9.01 1 0.85 . 8.16 


Year .... 


37.36 


42.36 16.20 


26.16 




1894. 


1895. 


Storage 

Growing 

Replenishing 

Year 


16.93 
4.56 
9.02 

30 51 


7.63 9.30 

0.66 3.90 

0.41 ! 8.61 

1 8 70 21 81 


13.04 4.04 9.00 
9.14 0.49 j 8.65 
7.66 i 0.37 7.29 

29 84 4.90 1 24.94 

















Table II. Hudson River, 1888—1901, inclusive. 
[Catchment area = 4,500 square miles.] 



Period. 



1888. 



Rain- 
fall. 



Run-off. 



Evapo- 
ration. 



1889. 



Rain- 
fall. 



_ ' Evapo- 
Run-off. ration. 



1890. 



Rain- I „ I Evapo- 

fall. I Run-off-^ ration. 



Storage . . . 
Growing . . . 
Replenishing . 

Year 



20.40 17.06 



10.25 
13.27 



2.05 
4.53 



3.34 

8.20 
8.74 



17.10 
15.05 
10.81 



14.04 3.06 
4.26 I 10.79 
3.41 , 7.40 



24.75 
13.50 
12.10 



19.28 I 5.47 
2.85 I 10.65 
6.81 I 5.29 



48.92 -23.64 



20.28 



•42.961 21.71 



21.25 



•50.35 I 28.94 j 21.41 



<* Approximate. 
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1891. 


1892. 


1893. 


Period. 


lUin. 
fall 


Ran-off. 


Evspo- 
ration. 


Rain- „„„ ^- 
Ij^jI Ran-OD. 


Evapo- 
ration. 


Rain- 
fall. 


^on}^ 


Storage 

Growing 

Replenishing 


20.69 
13.49 

8.78 


16.59 
2.07 
1.90 


4.10 

11.42 

6.88 


24.95 22.50 

19.12 : 6.87 

9.80 3.71 


2.45 
12.25 

6.09 


19.83 

13.37 

8.98 


15.20 
3.12 
3.59 


4.63 

10.25 

5.39 


Year .... 


42.96 20.56 


22.40 


53.87 


33.08 


20.79 


42.18 21.91 


20.27 




1894. 


1895. 


1896. 


Storage 

Growing , 

Replenishing 


21.37 

8.73 
11.87 


13.18 
3.20 
2.99 


8.19 
5.53 
8.88 


15.79 
10.37 
10.51 


11.68 
2.86 
3.42 


4.11 
8.01 
7.09 


22.17 
10.25 
12.79 


16.52 
2.53 
4.58 


5.65 

7.72 
8.21 


Year .... 


41.97 19.37 22.60 


36.67 


17.46 


19.21 


45.21 


23.62 


21.58 




1897. 


1898. 


1899. 


Storage 

Growing 

Replenishing 


19.77 
15.80 
10.94 


14.60 
7.79 

3.80 


5.17 
8.01 
7.14 


22.80 
13.62 
12.19 


18.61 
3.24 
5.27 


4.19 

10.28 

6.92 


19.48 
7.40 
8.91 


15.15 
1.63 
2.76 


4.33 
5.77 
6.15 


Year .... 


46.51 1 26.19 


20.32 


48.51 


27.12 


21.39 


35.79 


19.54 


16.25 




1900. 


1901. 


Storage • 

Growing 

Replenishing 

Year 


21.13 
12.11 
12A7 
45.41 


16.12 ' 5.01 
2.30 j 9.81 
2.25 , 9.92 

20.67 ' 24.74 

1 


18.47 i 14.84 ' 3.63 

15.09 ' 4.02 ' 11.07 

9.02 i 8.00 i 6.02 

42.58 21.86 ' 20.72 













Table III. Connecticut River, 1872—1885, inclusive. 
[Catchment area = 10,234 square miles.] 







1872. 


1873.- 


1874.- 


Period. 


Rain- 
fall. 


Run-off. 


Evapo- 
ration. 


Rain- 
fall. 


Run-off. 


Evapo- 
ration. 


Rain- 
fall. 


Run-off. 


Evapo- 
ration. 


Storage 

Growing 

Replenishing 


14.92 
18.96 
12.42 
46.30 


18.30 
6.29 
6.64 


1.62 
12.67 

5.78 


18.16 
10.11 
15.04 


21.80 
2.71 
5.22 


-3.64 
7.40 
9.82 


23.08 

14.37 

7.76 


23.04 
6.62 
2.15 


0.04 
7.75 
5.61 


Year .... 


26.23 


20.07 


43.31 


29.73 


13.58 


45.21 


31.81 


13.40 


Period. 


1875. 


1876.- 


1877. 


Storage 

Growing . 

Replenishing 


17.51 
14.55 
11.36 

43.42 


15.47 
8.80 
3.60 


2.04 

10.75 

7.76 


22.50 
12.51 
10.57 


24.74 
3.35 

2.28 


-2.24 
9.16 
8.29 


18.09 
14.00 
13.08 


12.68 

.2.91 

5.27 


5.41 
11.09 

7.81 


Year .... 


22.87 j 20.55 


45.58 


30.37 


15.21 


45.17 


20.86 


24.31 


Period. 


1878. 


1879. 


1880. 


Storage 

Growing 

Replenishing 


21.88 1 18.02 
13.59' 3.45 
10.56, 3.06 


8.86 

10.14 

7.50 


23.19 

16.07 

9.48 


21.49 
2.92 
2.93 


1.70 

18.15 

6.55 


18.29 
11.82 
11.58 


14.78 
2.45 
2.62 


3.51 
9.37 
8.96 


Year .... 


46.03 1 24.53 


21.50 


48.74 


27.34 


21.40 


41.69 


19.85 


21.84 


• Not included in 


mean. 
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1881. 




1882. 


1883. 


Period. 


Rain- «„„ ^„ 
fall. »"»-^''- 


Evapo- 
ration. 


R*in- !>.,„ ^4, Evapo- 
fall. ^""•^"- ration. 


Rain- 
fall. 


H-oif. S.- 


Storage 

Growing 

Replenishing 


20.88 16.02 
11.30 2.93 
11.38 3.39 


4.81 
8.37 
7.99 


»20.50 12.14 i 8.36 

M1.45 3.35 8.10 

»6.50 2.17 1 4.33 


»12.85 

M3.50 

»6.20 


8.73 4.12 
2.51 10.99 
1.87 4.83 


Year .... 


43.51 22.34 


21.17 


38.45 17.66 20.79 


32.55 1 12.61 19.94 


Period. 1884. 


1885. 


Storage 

Growing 

Replenishing 


"T ■ 


21.42 

12.14 

8.51 


20.20 , 1.22 
2.79 1 9.35 
2.61 1 5.90 


18.58 
14.82 
11.76 


13.63 4.95 
3.20 11.62 
5.61 I 6.15 


Year , . . . 




.. 


42.07 


25.60 , 16.47 


45.16 


22.44 1 22.72 



* Rainfall computed, approximate. 



Table IV. Mean or average rainfall, run-off] and evaporation for storage^ 
growing, and replenishing periods for 12 streams of the United States, 



Period. 



Muskingum River, from 

1888 to 1895. eight years. 

Catchment area, 5,828 

square miles. 



Rain. Run-off. rafion' 



Genesee River, from 1890 

to 1898. nine years. 

Catchment area . 1,070 

square miles. 



« , « - Evapo- 
Rain. Run-ofl. nation. 



Croton River, from 1877 

to 1899, twenty-three 

years. Catchment area, 

3.38,8 square miles. 



Evapo- 
Rain. Run-off. j^tion. 



Storage . . 
Growing . . 
Replenishing 



Year 



18.8 

11.6 

9.3 



9.6 
1.7 

1.8 



9.2 
9.9 
7.5 



19.4 

11.5 

9.4 



10.5 
1.7 
2.0 



8.9 
9.8 
7.4 



23.7 
13.6 
12.1 



16.8 
2.6 
3.4 



6.9 
11.0 

8.7 



39.7 



13.1 26.6 



40.3 I 14.2 26.1 



49.4 22.8 



26.6 



Period. 



Lake Cochituate, from 

1863 to 1900, thirty-eight 

years. Catchment area, 

18.9 square miles. 



Sudbury River, from 1875 

to 1900, twenty-six years. 

Catchment area , 78.2 

square miles. 



Mystic Lake, from 1878 

to 1895, eighteen years. 

Catchment area. 26.9 

square miles. 



I 



« . ^ o Evapo- 
Rain. Run-off. ration. 



« . I w, - Evapo- 
Rain. Run-off. ration. 



n > ; « - ' Evapo- 
Rain. Run-off. nation. 



Storage . . 
Growing . . 
Replenishing 



Year 



23.1 14.9 
11.6 ! 2.1 
12.4 3.3 



8.2 
9.5 
9.1 



47.1 I 20.3 26.8 



23.5 17.9 I 5.6 

10.7 1.7 9.0 

11.9 3.0 I 8.9 

46Xi 22.6 I 23.5 



22.4 
10.9 
10.8 



15.1 
2.3 
2.6 



7.8 

8.6 
8.2 



41.1 I 20.0 24.1 



Period. 



Neshaminy Creek, from 

1884 to 1899, sixteen 

years. Catchment area, 

139.3 square miles. 

Rain. Run-off. J^j^n] 



Perkiomen Creek, from 

1884 to 1899, sixteen 

years. Catchment area, 

152 square miles. 



Tohickon Creek, from 

1884 to 1898, fifteen years. 

Catchment area . 102.2 

square miles. 



n , n « i Evapo- 
Rain. Run-off., nation. 



Rain. 



I . « Evapo- 
Run-off. ration. 



Storage . . . 
Growing . . . 
Replenishing . 



Year 



23.1 
13.4 
11.1 



17.2 
2.7 
3.2 

47.6 1 23.1 



5.9 

10.7 

7.9 



23.2 
13.7 
11.1 



16.7 
3.1 
3.8 



6.5 

10.6 

7.3 



24.2 20.5 
14.6 I 3.5 

11.3 4.4 



3.7 

11.1 

6.9 



24.5 



48.0 . 23.6 1 24.4 



50.1 : 28.4 ' 21.7 



Period. 



Hudson River, from 1888 

to 1901, fourteen ye^rs. 

Catchment area , 4,500 

square miles. 



I 
Rain. ' Run-off. 



Evapo- 
ration. 



Pequannock River, from 

1891 to 1899, nine years. 

Catchment area , 63.7 

square miles. 

« . ! « - ' Evapo- 
Rain. { Run-off. ration. 



Connecticut River, from 

1872 to 1885, eleven 

years.* Catchment area, 

10,234 square miles. 

» • In Mm\ Evapo- 
Rain. Run-off. ration. 



Storage . . . 
Growing . . . 
Replenishing . 

Year 



20.6 
12.7 
10.9 



16.1 
8.5 
3.7 



4.5 
9.2 
7.2 



23.0 
12.7 
11.1 



19.7 3.3 
3.1 : 9.6 
4.0 I 7.1 



44.2 I 23.3 20.9 



46.8 26.8 20.0 



8.8 
10.5 
6/7_ 

43.0 22.0 21.0 



18.9 15.1 
13.8 I 3.3 
10.3 ; 3.6 



* Three years omitted from mean. 
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8. Evaporation. 

The subject of evaporation is one of much interest; its estimate is the 
measurement of actual and immediate loss of water and power, measure- 
ment which involves many difficulties. 

Of the water in the form of rain, one part is returned to the sea by 
the riverways, the other part returns to the atmosphere through succes- 
sive evaporations. Such evaporation occurs as well at the surface of the 
water as on land, the process being nearly continuous in the first case and 
intermittent in the other. The amount of evaporation depends on many 
factors, all of which, although involving compUcations, must be well under- 
stood and estimated, and in effecting such measurements, it must be borne 
in mind that the process of evaporation is variable with respect to time 
and locality, or in other words, it varies like rainfall, in different locaUties 
at the same time and in the same locality at different times. 

In the study of artificial storage, great value is attributed to the know- 
ledge of the relative amoimt of water returned to the atmosphere by 
evaporation, since evaporation is the amount of annual rainfall diminished 
by the amount of annual run-off. 

The relo^tions of evaporation as established by Prof. Thomas Tate 
which are of interest to water power engineers are as follows : 

a) Other things being the same, the rate of evaporation is nearly pro- 
portional to the difference of the temperature indicated by the wet-bulb 
and dry-bulb thermometers. 

b) Other things being the same, the augmentation of evaporation due 
to air in motion is nearly proportional to the velocity of the wind. 

c) Other things being the same, the evaporation is nearly inversely 
proportional to the pressure of the atmosphere. 

d) The rate of evaporation from different substances mainly depends 
upon the roughness of, or inequalities on, their surfaces, the evaporation 
taking place most rapidly on the roughest or most uneven surfaces; in fact, 
the best radiators are the best vaporizers of moisture. 

Evaporation as has been said above, is the amount of annual rainfall 
diminished by the amount of annual run-off; algebraically expressed: 

E = R — F 

For an approximate estimate of evaporation, Mr. FitzGlerald's formula 
may be used. Calling 

V = the maximum force of vapor in inches of mercury corre- 
sponding to the temperature of the water; 
W == the velocity of the mnd in miles per hour ; 
J5.= the evaporation in inches of depth per hour; 
v= the force of vapor present in the air; 

said formula has the form: 

(F-t;)(l+^) 



E- 



60 



^ Transactions Am. Soc. C. E. Vol. XV pp. 581—646. 
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The force of vapor present in the air is, however, dependent on the 
temperature of the air and the height of the barometer, so that the value 
of V in the foregoing formula must be computed beforehand from the follow- 
ing relation: 48(^ — 

^ = ^1- 689-r ^> 
in which: 

V = the force of vapor in the air at the time of the observation ; 

v^ = the force of vapor in a saturated air at the temperature f; 

t = the temperature of the air in degrees centigrade, indicated 

by the dry thermometer; 
if = the temperature of evaporation given by the wet ther- 
mometer; 
h = the height of the barometer. 

The results of evaporation show clearly that the constituents of water 
are continuously changing state, from gciseous to liquid and vice versa. 

The rate of conversion from water to vapor is at its minimum when 
the atmosphere is humid and still, not being agitated by winds of important 
movement, but the process of evaporation increases in rapidity when the 
atmosphere is drier and hotter, when the movement of wind is considerable 
and when the water itself is somewhat warm. 

Evaporation is at its maximum at the equator and gradually dimi- 
nishes towards the poles. It has been observed that vegetation increases 
evaporation, and that most summer rains evaporate nearly entirely, while 
winter precipitation remains longer on the surface in the form of snow, 
converting itself into spring flow mostly, and later in summer runs off from 
underground nappes. 

Observation of evaporation may be satisfactorily made by means of 
boxes sunk in the earth and about flush with, the siirface of the ground, 
or floated in streams or ponds. The results of such observations should con- 
tain remarks as to conditions of wind, temperature of air, water inside and 
outside of box, and amount of precipitation. 

9. Estimate of Sti^eam Flow and Power. 

To measure the discharge of a river involves a series of deUcate obser- 
vations, the accuracy of which depends upon the care brought in the me- 
asurements. It is well to bear in mind, inasmuch as the flow of a stream is 
always changing, that measurements and data of reasonable accuracy, exten- 
ding over a period of several years, will be of more importance than mea- 
surements and data taken over a relatively short period. 

For instance, as regards velocity measurements, should observations 
be made in time of maximum flow for a particular river, the average velo- 
city will be too large, whereas if they are made during a low water period, 
the average velocity will be too small. Therefore, it is of vital impor- 
tance to gauge specified rivers during all seasons of the year, so as not 
only to cover their total discharge, but also their seasonal distribution. 

The influence of precise measarements on determination of available power is 
shown in the following. The flow of a stream is a continuous process and its powei 
can be stated in terms of horse-power hours. One continuous horse-power for 24 hours 
per day and 365 days in the year represents 8760 horse-power hours. 
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In practice, it is uBually estimated that power will be used for 10 to 16 hours 
per day during 310 working days. When time is not expressed, it is understood that 
24-br 365-day power is meant. Therefore, in a working year, each horse-power capacity 
represents from 3100 to 4960 horse- power hours. Now there is a difference of 
(8760—3100) and (8760—4960) or 6560 and 3800 horse-power hours which could be 
stored, and the capacity of the plant per hour for the working time would be 

for the average horse-power of the stream. 

In other words, a plant working for 10 hours a day and 310 days in a year 
could deliver 2.83 H. P. per hour for each horse power capacity of the stream if the 
stream flow can be stored during the remaining 14 hours a day and the remaining 
55 days. In the second case, the delivery would be 1.76 H. P. per h6rse-power of 
average stream capacity. 

10. Minimum and Maximum Stream Flow. 

The minimum, maximum and variations in the flow stream through suc- 
cessive periods of time, either months or years, are necessary information 
for the water power engineer, and with such information, he will be ex- 
pected to calculate the size of storage reservoirs and the overflow capa- 
city of spillway dams, with their effect on the flooding of lands. 

Many formulas have been suggested by engineers for determining 
flood flows, some involving only the rainfall and area, while others consider 
the slope and shape of watershed. 

Such formulas are applicable only when used imder conditions similar 
to those on which they are based. 

Fanning recommends the following formula as appUcable to average 
New England and Middle States basins: 

in which Q = discharge in cubic ft. per second per square mile ; 

M = area in square miles. 
Experience shows that in this formula, the value of Q appears to increase 
somewhat too slowly with decrease in area. M. Cooley has proposed this 
other formula derived from measurements of streams of flat slopes in the 
upper Mississippi Valley jifv. 

and represents those floods occurring with comparative frequency, as once 
in 6 or 10 years. 

Professor Kuichling has developed the following formula and recom- 
mends it as applicable to the South Atlantic states: 

41.6 (620 + if) 
^ 24 + if 
Another relation is due to Col. Ryves and has been deduced from 
experience in India ^ ^| 

where c is a coefficient which varies with rainfall and slope of the region 
under consideration. For regions where the maximum rainfall is 4 to 5 
inches in 24 hours 

c = 400 to 500 in flat country 
= 560 to 650 in hilly country. 
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Still another formula proposed by M. M. Davis and Wilson^ is 

where i? = maximum rainfall in inches in 24 hours, 

c = 100 for undulating areas, ^ 
= 200 „ mountainous areas. 

Possenti has developed a formula for computing floods which takes 
into account the catchment area, the maximum rain in 24 hours and the 
topographical nature of the catchment area as well as the length of the 
river imder consideration. 

Calling c = coefficient varying from 800 to 1000, 

r = the maximum rainfall in 24 hours, in meters, 
1 = length of river in kilometers, 
tn = area of accidented region in km-, 
p = area of flat region of catchment area, 
Q = discharge in cubic meters per second 

The formula is : Q = — f m -f- f ) • 

and may be used as a check on flood calculations. 
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11. Graphical Representation of River Discharge. 

In order to study the regimen of a stream, daily measurements must 
be taken either by the weir method or by means of velocity measurements. 

For a given station, where 
a weir or an ordinary gauge is 
estabUshed, if depths of water 
are plotted as ordinates, and for 
several depths of water, volume 
of flow is computed and plotted 
as abscissae, a graphical pe- 
presentation, also called rating 
curve, of the river discharge is 
obtained. 

Fig. 4 shows a rating curve 
established for the Wisconsin 
River at Kilbourn, Wis. The 
small circles show the flow re- 
lative to gauge height at the 
time the observations were made. 
They were carefully taken in a 
fairly satisfactory section and 
fall on a smooth curve drawn from this data to represent the relation of 
gauge height to flow at similar or intervening heights. 

12. The Study of Stream Flows from their Hydrogi»aphs. 

The variation of stream flows are best studied from their hydrographs. These are 
diagrams indicating the flow rates prevailing during every day of the water year, and 
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Irrigation Engineering — Davis and Wilson. 
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are easily prepared from the gauge readings. The ordinates represent the daily flow 
in cubic feet per second at the point of observation and the abscissae are the time 
elements. Hydrographs are particularly interesting and indispensable to determine 
correctly the water storage for the supply of water during the dry season, and are 
useful also for comparison with observations made at other points on the same river. 
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Fig. 5. Daily Flow of Passaic River, Little Falls, N. J. 
Figurefl near top of each diagram show total monthly rainfall. 



It is readily seen that if the ordinates are changed after having taken into account the 
fall of the river, the diagram may become a power curve. To be of any efficient 
value, hydrographs must be plotted for over a long period of time. 

Fig. 5 and 6 show hydrographs of the Passaic River for seventeen years. The 
actual variations in flow as they have occured on the drainage area during that time 
are noted thereon. The total monthly rainfall on the drainage area has also been 
shown on the diagrams. 
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13. Influence of Forests on Rainfall and Run-off. 

Many differences of opinion have been expressed as to the probable 
influence of forests upon rainfall, but Dr. Hough observed long ago the occur- 
rence of "unseasonable and prolonged droughts with other vicissitudes of 
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Fig. 6. Daily Flow of Passaic River, Little Falls, N. J. 
Figures near top of each diagram show total monthly rainfall. 

clipiate which it is alleged did not occur when the country was covered 
with forests". 

As regards the effect of forests upon run-off, it is idle to say, in face 
of the French floods of a few years ago, that the facts tend to show that 
their influence is unquestionable, being directly concerned with ground 
and surface. 
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Influence of Lakes. J7 

Messrs. Hoyt and Grover state that **the ground storage is increased 
on account of the greater receptivity of a soil loosened and opened by roots, 
and a surface covered wih fallen leaves and Utter. The roots and cover re- 
tard the] flow of water over the surface and thereby promote the absorp- 
tion of the water by the soils. The effects of forests on ground storage is 
therefore a minimum on open sandy soils, which would readily absorb 
water under all conditions, and a maximum on ^eavy compact soils and 
clays, which do not take up water easily". 

*The difference between evergreen and deciduous forests or between 
large and small trees in their effects on ground storage are probably small. 
Yoimg trees and bushes, or even grass and weeds, produce approximately 
the same effects in this respect as virgin forests. In their effect on tem- 
perature and resultant evaporation, and especially on snow storage, the 
differences in forests are great. In the latter respect especially, dense ever- 
green growths, have much more marked effects than open or deciduous 
growths. Unfortunately the magnitude of their effects have not been 
measured, and the conclusions in regard to them are based rather on general 
observations than on measured differences in stream flow". 

There can be no doubt that forests do act a^s large natural reservoirs, 
and to a certain extent, their action is as advantageous as that of such 
reservoirs in preventing floods. In the absence of forests, the run-off is 
very rapid, the upper layer of the soil becomes quickly saturated and the 
result is obvious. Deforestation therefore means lessening of protection 
against rapid run-off. It should be noted however, that the action of a 
forest as a storage reservoir is detrimental at certain times of the year. 
The forestry proposition has nevertheless been the subject of interminable 
discussion. Its nature is complex and its influence extends to other fac- 
tors, as temperature and evaporation. The subject is of far-reaching im- 
portance; its proper handling depends on the relative values of all ele- 
ments concerned in each particular case. It must not be concluded 
hastily that the area of forest growth must be directly proportional to 
the amount of fluctuation in comparing stream flows, but all circum- 
stances should be known, there would be then no liability to attribute 
to influence of forests what really is caused. by topography and surface 
cover of the drainage areas. 



14. Influence of Lakes. 

If lakes are located within the catchment area of a stream, the run- 
off of the latter is readily affected by them. For instance, flood flows are 
likely to be much smaller than they otherwise would be, for such flows 
are always retained temporarily by pondage in the lakes. 

To illustrate how natural reservoirs tend to prevent floods, M. Rafter 
mentions that the configuration of the Cayuga outlet (Oswego River basin) 
with relation to the Clyde River, is such that frequently when there are 
heavy rainfalls in the catchment area of said river, its entire flood flow is 
discharged into Cayuga Lake, without affecting Seneca River below the 
mouth of Clyde River at all. C^r^r^r^]f> 
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15. Evaporation as a Factor affecting Storage Reservoirs. 

In arid regions, the stream flow being generally erratic, it becomes 
necessary to store the water for use during the months of July, August 
and September, inasmuch as during this period, rainfall is comparatively 
so little that the loss due to evaporation cannot be replaced by it. 

Table V. 





Area of 


Capacity of 


1 Annual 


Altitude. 


Name of Impounding Dam. 


Reservoir. 


Reservoir. 


Evaporation. 




Acres. 


Acre-Feet. 


Inches. <^/o Cap. 


Feet. 


Assiout Dam. Egypt. . . . 


— 


925,000 


— 1 21.5 





Laramie Natural Res. Wyo 




13,651 


414,000 


- ; 34.3 


— 


Rio Grande, Texas . . . 




7,965 


253,368 


7 ft.^ 1 - 


4325 


Buena Vista Lake, Cal. 








25,000 


170,000 


- 1 70.0^ 


260 


San Mateo, Cal. . . 








— 


89,000 


20^to35l - 


170 


Tansa Dam, India. . 








5,120 


62,670 


— 25.2 


— 


Bear VaUey, Cal. . . 








1,691 ' 


40,000 


27 1 ;20«tol4 


6200 


Sweetwater Dam, Cal. 








895 


22,566 


54 


15.0 


140 


Cuyamaca Dam, Cal. 








959 ; 


11,410 


56,7 


25.5 


4850 


Seligman, Ariz 








25.5 


703 


10.95 Ft. 


6.8 


5384 


Ash Fork, Cal 








— 


113.6 


— 


40* to 50 


5445 



Estimated. 

20 ^/o if no water were drawn out; 14% if there is a uniform draft of 2500 acre 



feet o||toj 



i)^nth, from March to November inclusive. 



ble Via. EvaporcUion observed by the U. S. Weather Bureau, 
{Measurementa in inches) 



Station 


V 


9 


a 


^ 


^ 




3 1 ^ 




i 


> 

o 




1 




•^ 


^ ' s 


< 


S 


1 


£ 


o 


^ 


Q 


>i 


Salton Sea, 








1 


j 


1 

1 












1500 Ft. inland 


5.1 


7.4 


12.5 


15.7 


19.0 


21.5 122.2 18.5 


15.5 


13.2 


7.5 


6.4 


164.5 


Salton Sea,500Ft. 












1 












at sea ... 


3.6 


5.0 


6.8 


9.0 


11.0 


13.5 


14.8 , 12.5 


12.4 


9.2 


6.2 


4.7 


108.6 


Indio, Cal. . . 


3.2 


5.1 


7.5 


12.0 


15.8 


16.1 


16.3 1 13.8 


12.4 


8.9 


5.2 


3.0 


ii9.a 


Mecca, Cal. . . 


2.9 


5.0 


8.1 


10.9 


12.7 


14.2 


15.2 ' 13.2 


10.3 


8.2 


41 


8.0 


107.8 


Brawley, Cal. . 


3.1 


5.0 1 8.0 


10.7 


13.8 


13.7 ; 14.1 


11.3 


10.2 


7.0 


4.1 


2.7 


103.6 


Mammoth Cal. . 


4.2 


5.7 ' 


9.0 


12.0 


15.5 


16.8 


18.0 


13.7 


12.2 


9.5 


5.3 


3.7 


125,5 


Granite Reef, 




























Ariz .... 


4.2 


4.4 


5.2 


7.0 


9.5 


12.0 


12.8 


12.5 


11.0 


8.3 


6.6 


4.2 


97.7 


Yakima, Wash. 


1.8 


2.5 


6.2 


7.9 


8.4 


8.9 


10.7 


9.4 


5.5 


8.2 


2.0 


1.5 


68.0 


Hermiston, Oreg. 


1.2 


1.2 


3.0. 


7.3 


7.9 


9.5 


12.0 


11.1 


7.4 


3.9 


2.0 


1.5 


68.0 


Minidoka, Idaho 


2.2 


2.5 


4.0 


7.0 


11.2 


12.3 1 15.0 


13.5 


11.0 


8.5 


5.8 


3.5 


96.5 


Deer Flat, Idaho 


2.0 


2.8 


4.2 


6.0 


7.9 


9.6 


10.6 


12.2 


9.2 


5.4 


5.5 


2.0 


77.4 


Dutch Flat, Neb. 


1.8 


1.8 


3.0 


4.5 


6.2 


8.0 


11.0 


9.4 


7.4 


5.6 


4.0 


3.0 


65.7 


Kachess, Wash. 


0.5 


0.5 


1.2 


2.6 


3.8 


5.5 


5.9 


5.5 


4.4 


1.5 


0.8 


0.5 


32.8 


Klamath, Ore. . 


0.5 


1.2 


3.6 


6.6 


7.2 


7.0 


8.0 


9.2 


6.1 


2.5 


1.0 


0.5 


53.4 


Fallon, Nev. . . 


1.8 


1.8 


2.2 


3.2 


5.2 


7.9 


9.9 


8.7 


5.1 


3.4 


2.5 


2.0 


53.6 


Tahoe, CaL . . 


1.8 


1.8 


1.8 


2.0 


3.0 


4.2 


6.2 


7.1 


6.2 


3.6 


2.6 


2.0 


42.2 


Elephant Butte, 


i 


























N. M 


2.5 


2.7 


4.5 


8.0 


11.5 


13.4 


11.6 


10.5 


8.6 


6.8 


3.9 


3.0 


87.0 


Carlsbad N. M. . 


5.0 


5.2 


9.0 


11.1 


11.0 


9.1 


10.6 


9.3 


7.8 


5.^ 


5.4 


5.0 


94.4 


Avalon N. M. . 


4.5 


4.5 


5.5 


7.5 


10.1 


11.0 


12.9 


12.0 


9.5 


7.0 


5.8 


4.5 


94.8 


Burmingham,Ala. 


1.5 


1.5 


2.2 


4.4 5.9 1 7.3 


7.4 


7.3 6.0 


4.0 


2.3 


1.5 


51.3 


California, Ohio 


1.0 


1.5 


2.5 


4.1 


5.1 ' 6.2 


7.2 


7.3 5.6 


3.0 


1.5 


1.0 


46.0 


Lawrence, Kan. 


— 


— 


6.0 


5.7 


5.7 


8.4 


11.1 


7.0 


5.4 


4.1 


3.1 


— 


1 
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It is sometimes necessary to take in consideration the amount of water 
lost to the air, in the project of artificial reservoirs. Experience shows 
that the relative amount of evaporation is smaller if the reservoirs are of 
great average depth. 

Table V indicates that the percentage of evaporation differs widely, 
but it is probable that the variations are due .to difference in depth, 
exposure and such other factors as affect evaporation and which have been 
indicated before. 

Table Via shows the evaporation in inches per month and year in 
different parts of the United States, as observed' by the U. S. Weather 
Bureau. 



16. Units of Measurement and Conversion Tables ^ 

The volume flowing in a stream is usually expressed in cubic feet per 
second, briefly expressed as * 'second-feet". A second-foot may be defined 
as the body of water flowing in a stream 1 foot wide, 1 foot deep, at a speed, 
of 1 foot per second. 

The unit of capacity used in connection with storage is the acre foot 
and is equal to 43,660 cubic feet. It is a quantity that would cover an acre 
to a depth of one foot. 

There is a convenient relation between the second foot and the acre 
foot; one second foot flowing for 24 hours will deliver 86,400 cubic feet, 
which equals 1.9836 acre feet, or approximately 2 acre feet. 

Table VI. Second-feet per day into acre-feet. 

1 second-foot flow for one day = 86,400 cubic feet = ^^-^7,, or 1.983471 acre-feet. 

4o,5dU ^ 

[In acre-feet.J 



1 second-foot for 24 hours .... 1.98347 

2 second-feet for 24 hours .... 3.96694 

3 second- feet for 24 hours .... 5.95041 

4 second-feet for 24 hours .... 7.93388 

5 second-feet for 24 hours .... 9.91735 



6 second-feet for 24 hours .... 11.90083 

7 second-feet for 24 hours .... 13.88430 

8 second-feet for 24 hours .... 15.86777 

9 second-feet for 24 hours .... 17.85124 





% 


1. 


2. 


3. 


4. 


5. 


6. 


7. 


8. 


9. 








1.983 


3.967 


5.950 


9.934 


9.917 


11.901 


13.884 


15.868 


17.851 


1 


19.835 


21.818 


23.802 


25.785 


27.769 


29.752 


31.736 


33.719 


35.702 


37.686 


2 


39.669 j 41.653 


43.636 


45.620 


47.603 


49.587 


51.570 


53.554 


55.537 


57.521 


3 


59.504| 61.488 


63.471 


65.455 


67.438 


69.421 


71.405 


73.388 


75.372 


77.355 


4 


79.3391 81.322 


83.306 


85.289 


87.273 


89.256 


91.240 


93.223 


95.207 


97.190 


5 


99.174101.167 


103.140 


105.124 


107.107 


109.091 


111.074 


113.058 


115.041 


117.025 


6 


119.0081 120.992 


122.975 


124.959 


126.942 


128.926 


130.909 


132.892 


134.876 


136.859 


7 


138.843 


140.826 


142.810 


144.793 


146.777 


148.760 


150.744 


152.728 


154.711 


156.694 


8 


158.678 


160.661 


162.645 


164.628 


166.611 


168.595 


170.578 


172.562 


174.545 


176.529 


9 


178.512 


180.496 


182.479 


184.463 


186.446 


188.430 


190.413 


192.397 


194.380 


196.364 



As the months are of varying length it is necessary to use three or 
four factors to convert the average discharge for the month in second feet 
into the total in acre feet. The number of days in the month will give the 
total monthly discharge in acre feet. The daily quantity therefore must be 



^ Hydrographic Manual. U. S. Geological Survey. 



DigitizSeTby Google 



20 Hydrology. 

multiplied by 28 for the month of February, or 29 for that month in leap 
year, and by 30 or 31 for the other months. 

For the month of February when it has 28 days, the factor to be used 
is 65.537188. For convenience in computation this factor multiplied from 
1 to 9 is given as follows: 

1 .... . 55.53719 ] 4 222.14872 ! 7 388.76026 

2 111.07486 15 277.68590 | 8 444.29744 

I 
I 



3 166.61154 I 6 333.22308 I 9 499.83462 



When February has 29 days the factor to be used is 57.520659. This 
multipUed from 1 to 9 is as follows: 



1 . : . . . 57.52066 

2 115.04132 

3 172.56198 



4 230.08264 7 402.64462 

5 287.60330 | 8 460.16528 

6 345.12396 '9 517.68594 



For the months containing 30 days, viz, April, June, September and 
November, the factor to be used is 69.50413. 

This when multiplied by the unit figures is as follows: 
1 59.50413 14 238.01652 7 416.52891 



2 119.00826 I 5 297.52065 

3 178.51239 6 357.02478 



8 476.03304 

9 535.53717 



For the months containing 31 days, viz, January, March, May, July, 
August, October and December, the factor to be used is 61.487601. 
This when multiplied by the unit figures is as follows: 

1 61.48760 14 245.95040 

2 122.97520 I 5 307.43800 

3 184.46280 6 368.92561 



7 430.41321 

8 491.90081 

9 553.38841 



The run-off per square mile is obtained by simply dividing the average 
for .the month by the total number of square miles in the drainage basin, 
which is usually ascertained by planimeter measurements from the best map 
available. Being a rate of flow it is independent of time, and therefore the 
number of days in each month does not enter into the ratio. 

The depth of run-off over the drainage basin is usually computed in 
inches for convenience of comparison with the depth of rainfall which is 
almost invariably given in that unit. This depth can most conveniently 
be computed from the run-off per square mile by computation based on 
the number of days in each month and the relation between the rate of 
flow and the depth in inches for this quantity were it held during the given 
number of days. One second foot for 24 hours is equivalent to 86,400 cubic 
feet in one day. In other words, 1 cubic foot per second run off from 1 square 
mile would, if held upon this area, cover it to a depth represented by divi- 
ding 86,400 by the number of square feet in a mile, 27 878400 or 6280 
squared. Completing this division, it is found that 1 second foot for one 
day is equivalent to a body of water covering 1 square mile 0,003099173 
feet, or 0.037190076 inch deep. Multiplying this by the number of days in a 
month gives the following factors: 

' 28 days 1.041322528 

29 days 1.078512604 

30 days 1.115702680 

31 days 1.152892756 
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Table VII. Second-feet into acre-feet per month. 



Second-feet. 


Acre-feet 
per 30 days. 


Acre-feet 
per 31 days. 


Second-feet. 


Acre-feet 
per 30 days. 


Acre-feet 
per 31 days. 


1 


59.504 


61.488 


51 


3,034.711 


3,135.868 


2 ' 


119.008 


122.975 


52 


3,094.215 


3,197.355 


3 


178.512 


184.463 


53 


3,153.719 


3,258.843 


4 


238.017 


245.950 


54 


3,213.223 


3,320.330 


5 


297.521 


307.438 


55 


3,272.727 


3,381.818 


6 


357.025 


368.926 


56 


3,332.231 


3,443.306 


7 


416.529 


430.413 


57 


3,391.735 


3,504.793 


8 


476.033 


491.901 


58 


3,451.240 


3,566.281 


9 


535.537 


553.388 


59 


3,510.744 


3,627.768 


10 


595.041 


614.876 


60 


3,570.248 


3,689.256 


11 


654.545 


676.364 


61 


3,629.752 


3,750.744 


12 


714.050 


737.851 


62 


3,689.256 


3,812.231 


la 


773.554 


799.339 


63 


3,748.760 


3,873.719 


14 


833.058 


860.826 


64 


3,808.264 


3,935.206 


15 


892.562 


922.314 


65 


3,867.768 


3,996.694 


16 


952.066 


983.802 


66 


3,927.273 


4,058.182 


17 


1,011.570 


1,045.289 


67 


3,986.777 


4,119.669 


18 


1,071.074 


1,106.777 


68 


4,046.281 


4,181.157 


19 


1,130.578 


1,168.264 


69 


4,105.785 


4,242.644 


20 


1,190.083 


1,229.752 


70 


4,165.289 


4,304.132 


21 


1,249.587 


1,291.240 


71 


4,224.793 


4,365.620 


22 


1,309.091 


1,352.727 


72 


4,284.297 


4,427.107 


23 


1,368.595 


1,414.215 


73 


4,343.801 


4,488.595 


24 


1,428.099 


1,475.702 


74 


4,403.306 


4,550.082 


25 


1,487.603 


1,537.190 


75 


4,462.810 


4,611.570 


26 


1,547.107 


1,598.678 


76 


4,522.314 


4.673.058 


27 


1,606.612 


1,660.165 


77 


4,581.818 


4,734.545 


28 


1,666.116 


1,721.653 


78 


4,641.322 


4,796.033 


29 


1,725.620 


1,783.140 


79 


4,700.826 


4,857.520 


30 


1,785.124 


1,844.628 


80 


4,760.330 


4,919.008 


31 


1,844.628 


1,906.116 


81 


4,819.835 


4,980.496 


32 


1,904.132 


1,967.603 


82 


4,879.339 


5,041.983 


33 


1,963.636 


2,029.091 


83 


4,938.843 


5,103.471 


34 


2,023.140 


2,090.578 


84 


4,998.347 


5,164.958 


85 


2,082.645 


2,152.066 


85 


5,057.851 


5,226.446 


36 


2,142.149 


2,213.554 


86 


5,117.355 


5,287.934 


37 


2,201.653 


2,275.041 


87 


5,176.859 


5,349.421 


38 


2,261.157 


2,236.529 


88 


5,236.363 


5,410.909 


39 


2,320.661 


2,398.016 


89 


5,-295.868 


5,472.396 


40 


2,380.165 


2,459.504 


90 


5,355.372 


5,533.884 


41 


2,439.669 


2,520.992 


91 


5,414.876 


5,595.372 


42 


2,499.173 


2,582.479 


92 


5,474.380 


5,656.859 


43 


2,558.678 


2,643.967 


93 


5,533.884 


5,718.347 


44 


2,618.182 


2,705.454 


94 


5,593.388 


5,779.834 


45 


2,677.686 


2,766.942 


95 


5,652.892 


5,841.322 


46 


2,737.190 


2,828.430 


96 


5,712.396 


5,902.810 


47 


2,796.694 


2.889.917 


97 


5,771.901 


5,964.297 


48 


2,856.198 


2,9.^1.405 


98 


5,831.405 


6,025.785 


49 


2,915.702 


3,012.892 


99 


5,890.909 


6,087.272 


50 


2,975.207 


3,074.380 


100 


5,950.413 


6,148.760 
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Table VIII. Bun-off in secondrfeet per square mile into depth in inches per 

month of 30 and 31 days. 



Second- 


' 


_-- 


Second- 






Second- 




Second- 






feet per 


30 


31 


feet per 


30 


31 


feet per 


30 31 


feet per 


30 


31 


square 


days. 


days. 


square 


days. 


days. 


square 


days. days. 


square 


days. 


days. 


mile. 






mile. 




^ 


mile. 


] 


mile. 








In^, 


Inch. 




/•wA. 


Inch. 




Inch. 


Inch. 




liMsh. 1 Inch. 


0.01 


0.01 


0.01 


.61 


.68 


.70 


1.21 


1.35 


1.39 


1.81 


2.02 i 2.09 


.02 


.02 


.02 


.62 


.69 


.71 


1.22 


1.36 


1.41 


1.82 


2.03 2.10 


.03 


.03 


.03 


.63 


.7.0 


.72 


1.23 


1.37 


1.42 


1.83 


2.04 2.11 


.04 


.04 


.04 


.64 


.71 


.74 


1.24 


1.38 


1.43 


1.84 


2.05 2.12 


.05 


.06 


.06 


.65 


.72 


.75 


1.25 


1.39 


1.44 


1.85 


2.06 2.13 


.06 


.07 


.07 


.66 


.73 


.76 


1.26 


1.41 


1.45 


1.86 


2.08 1 2.14 


.07 


.08 


.08 


.67 


.74 


.77 


1.27 


1.42 


1.46 


1.87 


2,09 2.16 


.08 


.09 


.09 


.68 


.75 


.78 


1.28 


1.43 


1.48 


1.88 


^.10 , 2.17 


.09 


.10 


.10 


.69 


.77 


.79 


1.29 


1.44 


1.49 


1.89 


2.11 1 2.18 


.10 


.11 


.12 


.70 


.78 


.81 


1.30 


1.45 


1.50 


1.90 


2.12 2.19 


.11 


.12 


.13 


.71 


.79 


.82 


1.31 


1.46 


1.51 


1.91 


2.13 , 2.20 


.12 


.13 


.14 


.72 


.80 


.83 


1.32 


1.47 


1..52 


1.92 


2.14 2.21 


.13 


.14 


.15 


.73 


.81 


.84 


1.33 


1.48 


1.53 


1.93 


2.15 1 2.22 


.14 


.16 


.16 


.74 


.82 


.85 


1.34 


1.50 


1.54 


1.94 


2.16 2.24 


.15 


.17 


.17 


.75 


.83 


.86 


1.85 


1.51 


1.56 


1.95 


2.18 2.25 


.16 


.18 


.18 


.76 


.84 


.87 


1.36 


1.52 


1..57 


1.96 


2.19 , 2.26 


.17 


.19 


.20 


.77 


.85 


.89 


1.37 


1.53 


1.58 


1.97 


2.20 2.27 


.18 


.20 


.21 


.78 


.87 


.90 


1.38 


1.54 


1.59 


1.98 


2.21 


2.28 


.19 


.21 


.22 


.79 


.88 


.91 


1.39 


1.^5 1 1.60 


1.99 


2.22 


2.29 


.20 


.22 


.23 


.80 


.89 


.92 


1.40 


1.56 ; 1.61 


2.00 


2.23 


2.31 


.21 


.23 


.24 


.81 


.90 


.93 


1.41 


1.57 1.63 


2.01 


2.24 


2.32 


.22 


.24 


.25 


m 


.91 


.94 


1.42 


1.58 1.64 


2.02 


2.25 


2.33 


.23 


.26 


.26 


- .83 


.92 


.95 


1.43 


1.60 . 1.65 


2.03 


2.26 


2.34 


.24 


.27 


.28 


.84 


.93 


.97 


1.44 ' 


1.61 1.66 


2.04 


2.28 


2.35 


.25 


.28 


.29 


.85 


.94 


.98 


1.45 


1.62 1 1.67 


2.05 


2.29 


2.36 


.26 


.29 


.30 


.86 


.95 


.99 


1.46 


1.63 1.68 


2.06 


2.30 


2.37 


.27 


.30 


.31 


.87 


.97 


1.00 


1.47 


1.64 1.69 


2.07 


2.31 


2.39 


.28 


.31 


.32 


.88 


.98 


1.01 


1.48 


1.65 1.71 


2.08 


2.32 


2.40 


.29 


.32 


.33 


.89 


.99 


1.02 


1.49 


1.66 1.72 


2.09 


2.33 


2.41 


.30 


.33 


.35 


.90 


1.00 


1.04 


1.50 


1.67 ' 1.73 


2.10 


2.34 


2.42 


.31 


.35 


.36 


.91 


1.01 


1.05 


1.51 


1.68 1.74 


2.11 


2.35 


2.43 


.32 


.36 


.87 


.92 


1.02 


1.06 


1.52 


1.70 , 1.75 


2.12 


2.37 


2.44 


.33 


.37 


.38 


.93 


1.03 


1.07 


1.53 


1.71 1.76 


2.13 


2.38 


2.46 


.34 


.38 


.39 


.94 


1.04 


1.08 


1.54 


1.72 i 1.78 


2.24 


2.39 


2.47 


.35 


.39 


.40 


.95 


1.05 


1.09 


1.55 


1.73 


1.79 


2.15 


2.40 


2.48 


.36 


.40 


.41 


.96 


1.07 


1.10 


1.56 


1.74 


1.80 


2.16 


2.41 


2.49 


.37 


.41 


.43 


.97 


1.08 


1.12 


1.57 


1.75 


1.81 


2.17 


2.42 


2.50 


.38 


.43 


.44 


.98 


1.09 


1.13 


1.58 


1.76 


1.82 


2.18 


2.43 


2.51 


.39 


.44 


.45 


.99 


1.10 


1.14 


1.59 


1.77 


1.83 


2.19 


2.44 , 2..52 


.40 


.45 


.46 


1.00 


1.11 


1.15 


1.60 


1.79 


1.84 


2.20 


2.45 


2.54 


.41 


.46 


.47 


1.01 


1.13 


1.16 


1.61 


1.80 


1.86 


2.21 


2.47 


2.55 


.42 


.47 


.48 


1.02 


1.14 


1.18 


1.62 


1.81 


1.87 


2.22 


2.48 


2.56 


.43 


.48 


.49 


1.03 


1.15 


1.19 


1.63 


1.82 


1.88 


2.23 


2.49 


2.57 


.44 


.49 


.51 


1.04 


1.16 


1.20 


1.64 


1.83 


1.89 


2.24 


2.50 


2.58 


.45 


.50 


.52 


1.05 


1.17 


1.21 


1.65 


1.84 


1.90 


2.25 


2.51 


2.59 


.46 


.52 


.53 


1.06 


1.18 


1.22 


1.66 


1.85 


1.91 


2.26 


2.52 


2.61 


.47 


.53 


.54 


1.07 


1.19 


1.23 


1.67 


1.86 


1.93 


2.27 


2.53 


2.62 


.48 


.54 


.55 


1.08 


1.20 


1.25 


1.68 


1.87 1.94 


2.28 


2.54 


2.63 


.49 


.55 


.56 


1.09 


1.22 


1.26 


1.69 


1.89 


1.95 


2.29 


2.55 , 2.64 


.50 


.56 


.58 


1.10 


1.23 


1.27 


1.70 


1.90 


1.96 


2.30 


2.57 2.65 


.51 


.57 


.59 


1.11 


1.24 


1.28 


1.71 


1.91 


1.97 


2.31 


2.58 2.66 


.52 


.58 


.60 


1.12 


1.25 


1.29 


1.72 


1.92 


1.98 


2.32 


2.59 2.67 


.53 


.59 


.61 


1.13 


1.26 


1.30 


1.73 


1.93 


1.99 


2.33 


2.60 2.69 


.54 


.60 


.62 


1.14 


1.27 


1.31 


1.74 


1.94 


2.01 


2.34 


2.61 2.70 


.55 


.61 


.63 


1.15 


1.28 


1.33 


1.75 


1.95 


2.02 


2.35 


2.62 2.71 


.56 


.62 


.64 


1.16 


1.29 


1.34 


1.76 


1.96 


2.03 


2.36 


2.63 2.72 


.57 


.63 


.66 


1.17 


1.31 


1.35 


1.77 . 


1.97 


2.04 


2.37 


2.64 2.73 


.58 


.64 


.67 


1.18 


1.32 


1.36 


1.78 


1.99 


2.05 


2.38 


2.66 2.74 


.59 


.65 


.68 


1.19 


1.33 


1.37 


1.79 


2.00 


2.06 


2.39 


2.67 2.76 


.60 


.67 


.69 


1.20 


1.34 


1.38 


1.80 


2.01 


2.08 


2.40 


2.68 


2.77 
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Table VIII (Continued) 


. Eun-off 


in second-feet 


per square mile, etc. 


Second- 






Second- 


I 


Second- 




Second- 






feet per 


30 


31 


feet per 


30 


31 


feet per 


30 ' 31 


feet per 


30 


31 


square 


days. 


days. 


square 


days. 


days. 


square 


days. days. 


square 


days. 


days. 


mile. 






mile. 






mile. 




mile. 








Inch, 


Inch, 




Inch. 


Inch, 




Inch. ' Inch, 




Inch- 


Inch. 


2.41 


2.69 


2.78 


2.81 


3.14 


3.24 


3.21 


3.58 : 3.69 


3.61 


4.03 


4.16 


2.42 


2.70 


2.79 


2.82 


3.15 


3.25 


3.22 


3.59 3.71 


3.62 


4.04 


4.17 


2.43 


2.71 


2.80 


2.83 


3.16 


3.26 


3.23 


3.60 


3.72 


3.63 


4.05 


4.18 


2.44* 


2.72 


2.81 


2.84 


3.17 


3.27 


3.24 


3.61 


3.74 


3.64 


4.06 


4.20 


2Ab 


2.73 


2.82 


2.85 


3.18 


3.29 


3.25 


3.63 


3.75 


3.6^ 


4.07 


4.21 


2.46 


2.74 


2.84 


2.86 


3.19 


3.30 


3.26 


3.64 


3.76 


3.66 


4.08 


4.22 


2.47 


2.76 


2.85 


2.87 


3.20 


3.31 


3.27 


3.65 


3.77 


3.67 


4.09 


4.23 


2.48 


2.77 


2.86 


2.88 


3.21 


3.32 


3.28 


3.66 


3.78 


3.68 


4.11 


4.24 


2.49 


2.78 


2.87 


2.89 


3.22 


3.33 


3.29 


3.67 


3.79 


3.69 


4.12 


4.25 


2.50 


2.79 


2.88 


2.90 


^.24 


3.34 


3.30 


3.68 


3.80 


3.70 


4.13 


4.27 


2.51 


2.80 


2.89 


2.91 


3.25 


3.35 


3.31 


3.69 


3.82 


3.71 


4.14 


4.28 


2.52 


2.81 


2.91 


2.92 


3.26 


3.37 


3.32 


3.70 


3.83 


3.72 


4.15 


4.29 


2.53 


2.82 


2.92 


2.93 


3.27 


3.38 


3.33 


3.71 


3.84 


3.73 


4.16 


4.30 


2.54 


2.83 ! 2.93 


2.94 


3.28 


3.39 


3.34 


3.73 


3.85 


3.74 


4.17 


4.31 


2.55 


2.85 


2.94 


2.95 


3.29 


3.40 


3.35 


3.74 


3.86 


3.75 


4.18 


4.32 


2.56 


2.86 


2.95 


2.96 


3.30 


3.41 


3.36 


3.75 


3.87 


3.76 


4.20 


4.33 


2.57 


2.87 


2.96 


2.97 


3.31 


3.42 


3.37 


3.76 1 3.89 


3.77 


4.21 


4.35 


2.58 


2.88 


2.97 


2.98 


3.32 


3.44 


3.38 


3.77 1 3.90 


3.78 


4.22 


4.36 


2.59 


2.89 


2.99 


2.99 


3.34 


3.45 


3.39 


3.78 1 3.91 


3.79 


4.23 


4.37 


2.60 


2.90 


3.00 


3.00 


3.35 


3.46 


3.40 


3.79 1 3.92 


3.80 


4.24 


4.38 


2.61 


2.91 


3.01 


3.01 


3.36 


3.47 


3.41 


3.80 ; 3.93 


3.81 


4.25 


4.39 


2.62 


2.92 


3.02 


3.02 


3.37 


3.48 


3.42 


' 3.82 ; 3.94 


3.82 


4.26 


4.40 


2.63 


2.93 


3.03 


3.03 


3.38 


3.49 


3.43 


3.83 ! 3.95 


3.83 


4.27 


4.42 


2.64 


2.95 


3.04 


3.04 


3.39 


3.50 


3.44 


3.84 3.97 


3.84 


4.28 


4.43 


2.65 


2.96 


3.06 


3.05 


3.40 


3.52 


3.45 


3.85 1 3.98 


3.85 


4.30 


4.44 


2.66 


2.97 


3.07 


3^6 


3.41 


3.53 


3.46 


3.86 1 3.99 


3.86 


4.31 


4.45 


2.67 


2.98 


3.08 


3.07 


3.43 3.54 


3.47 


3.87 i 4.00 


3.87 


4.32 


4.46 


2.68 


2.99 


3.09 


3.08 


3.44 3.55 


3.48 


3.88 1 4.01 


3.88 


4.33 


4.47 


2.69 


3.00 


3.10 


3.09 


3.45 


3.56 


3.49 


3.89 : 4.02 


3.89 1 


4.34 


4.48 


2.70 


3.01 


3.11 


3.10 


3.46 


3.57 


3.50 


3.90 1 4.04 


3.90 


4.35 


4.50 


2.71 


3.02 


3.12 


3.11 


3.47 


3.59 


3.51 


3.92 4.05 


3.91 


4.36 


4.51 


2.72 


3.03 


3.14 


3.12 


3.48 


3.60 


3.52 


3.93 4.06 


3.92 • 


4.37 


4.52 


2.73 


3.05 


3.15 


3.13 


3.49 


3.61 


3.53 


3.94 ; 4.07 


3.93 


4.38 


4.53 


2.74 


3.06 


3.16 


3.14 


3.50 1 3.62 


3.54 


3.95 4.08 


3.94 


4.40 


4.54 


2.75 


3.07 


3.17 


3.15 


3.51 3.63 


3.55 


3.96 4.09 


3.95 


4.41 


4.55 


2.76 


3.08 


3.18 


3.16 


3.53 1 3.64 


3.56 


3.97 4.10 


3.96 


4.42 


4.57 


2.77 


3.09 


3.19 


3.17 


3.54 3.65 


3.57 


3.'98 i 4.12 


3.97 


4.43 


4.58 


2.78 


3.10 


3.21 


3.18 


3.55 3.67 


3.58 


3.99 4.13 


3.98 


4.44 


4.59 


2.79 


3.11 


3.22 


3.19 


3.56 3.60 


3.59 


4.01 : 4.14 


3.99 


4.45 


4.60 


2.80 


3.12 


3.23 


3.20 


3.57 


3.68 1 


3.60 


4.02 


4.15 1 


4.00 


4.46 


4.61 



Table IX. Second-feet per square mile into depth in inches per month. 



Second-feet 










per 


28 days. 


29 days. 


30 days. 


31 days. 


square mile. 












Inche9. 


Inehci, 


Inches, 


Inehet. 


1 


1.041 


1.079 


1.116 


1.153 


2 


2.083 


2.157 


2.231 


2.306 


3 


3.124 


3.236 


3.347 


3.459 


4 


4.165 


4.314 


4.463 


4.612 


5 


5.207 


5.393 


5.579 


5.764 


6 


6.248 


6.471 


6.694 


6.917 


7 


7.289 


7.550 


7.810 


8.070 


8 


8.331 


8.628 


8.926 


9.223 


9 


9.372 


9.707 


10.041 


10.376 


10 


10.413 


10.785 


11.157 


11.529 
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Chapter 11. Stream Measurements. 

17. Stream Measurements. 

The measurement of river discharge is a work of capital importance, 
consists in the computation of the exact power factor of a river. As 

a matter of fact, in order to estimate the 
power of a stream, it is necessary to know 
its discharge and its slope. The latter is de- 
termined without difficulty, a simple sur-. 
vey answering the question. But the com- 
putation of the discharge is a very diffe- 
rent matter. This does not imply that the* 
study offers difficulties, but as the flow of a 
river is a very variable element, its deter- 
mination necessitates very deUcate obser- 
vations and precise operations, and these can 
only be accomphshed by having had con- 
siderable previous experience, and by exer- 
cising extraordinary care. Not only the 
extreme low, mean, and high water dis- 
charges are required, but also their respec- 
tive* relative time of duration must be de- 
termined; therefore such work should be 
carried on for several years; it is then pos-\ 
sible to fix some fair average, and also 
consider the years of minimum flow for 
the establishment of auxiliary steam power, 
if this be unavoidable. 




18. Area of River Cross-section. 

In order to measure the discharge of a 
stream it is necessary to determine the area 
of cross-section and compute the velocity 
of the flowing water. A profile of the river 
bed, taken in a perpendicular to the di- 
rection of the flow, is best attained by 
making soundings at equal intervals, and 
using a tagged rope stretched across the 
channel on the very site to be plotted. 
For depths of 4 feet, it is simpler to wade 
into the water, and use a rod graduated to 
a tenth of a foot. In case of depths of more 
than 4 feet a boat may be used, for making 
the rod soundings; if the gaging station is 
to be permanent, a car, Supported by a steel 
cable extended across the river, is used to 
' best advantage (Fig. 7). 
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If the measurement of the velocity is to be made with floats, it is neces- 
sary to determine the cross-section of the river at several places equally 
spaced, and then the mean of the measured areas is taken. The contour 
of the river bed, as has been said, is an important factor for the computation 
of discharge, but as the surface of the water fluctuates, it is also necessary 
to refer this surface to a gauge, thereby making it possible to determine the 
discharge of the river at any stage. 

The following method, very simple in its apphcation, may be used 
instead of a planimeter. The curve is plotted with its respective axes on 
a paper of homogeneous grain, and then cut all along the perimeter, leav- 
ing absolutely free the figure area which is to be measured. This is then 
weighed in a balance of precision. Call W its weight and A its area. 

A small area of comparison, square or rectangular in shape, the dimen- 
sions of which have been accurately determined, is then cut from the same 
paper, and weighed with the same balance and in the same conditions. 
Call A^ its area, and W^ its weight in miUigrams. The areas A^ and A, hav- 
ing been cut from a paper of uniform surface and density, their surfaces 
are proportional to their volumes, and consequently to their weights: 

A _W A_W A 

A,-~w; """^ ^~W,' 

The value of A is then computed to the natural scale to which the curve 
has been drawn. 




19. Float Measurements. 

This method is used principally on large rivers of more or less uniform 
cross-section. The site must be chosen where the flow is regular, that is to 
say not presenting eddy-currents or rapids. 
The upper and lower cross-sections of the 
river having been marked, and a rope stretched 
across the stream, the float is thrown into the 
water some distance upstream from the first 
cross-section, and the time of passage between 
the two marked sections is noted. The velocity 
is then recorded in feet per second. It is better 
to repeat the operation at different distances 
from the shore, thereby determinating the 
average velocity. If rods or tubes are used 
as floats, they must be caUbrated so that they 
will float in a vertical position, the lower end 
clearing the bottom of the river, the upper 
end emerging above water level so as to be 
plainly visible to the observer. This method, 
considering the many factors which tend to alter its results, is used where 
relatively close approximations are sufficient, and although.it does not 
afford much accuracy, the 80 per cent of the velocity as determined may 
be considered as the average velocity of the water in the stream. 






Fig. 8. Double Float used by 

Ellis in Connecticut River 

Survey in 1874. 
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26 Stream Measurements. 

20. Slope Measurements. 

The slope of section of river is the ratio of its vertical fall to the horizontal length 
of that section. The slope of large streams is generally smaU, and it is customary to 
consider the inclined length and horizontal length as practically coinciding. 

In determining the dischaige of a river by the slope method, the engineer must 
rely principally on experience and good judgement. As a matter of fact, the results 
obtained through this sort of measurements are only approximate, but dose enough for 
reconnaissance work. The method may be used also as a check for measurements made 
by the float and meter methods. In order to compute the discharge of a river in this 
way, the Chezy formula, with the Kutter coefficient C is used: 

1.811 0.00281 
^ / H ^ . . . . ^ 41.66 + n + S 
v^C^RS in which ^=;~ /—^ 7-0.0028n n 
1 + ^41.66 + -^-;- 

The use of this formula makes it a necessity to measure the elope of the water surface 
and to determine the cross-section of the river bed at several places, in order to obtain 
a mean hydraulic radius, and give a proper value to the coefficient of roughness n . 
The value of n may be taken as 

0.020 to 0.025 for smooth sandy and fine gravel beds: 

0.030 to 0.035 for rough beds; and 

0.040 to 0.055 when the banks are overflowed and the river bed 
covered with detritus and aquatic plants. 
It is necessary to observe that in natural streams, especially if their cross-section 
is rapidly enlarged during high water stages by overflowing adjascent lands, the low 
water level's slope is steeper than the corresponding flood level inclination for a deter- 
mined section. If an obstruction, a spillway dam for instance, is encountered by the 
water, the flood slope will be more inclined than the low water slope. Generally, except 
in the case of obstruction, and for estimating water power at a definite locality, the 
natural slope may be taken as one and the same for all stages of the river. 

21. Current Meter Measurements. 

The method of gaging streams by means of the current meter is that 
which provides most accurate results. There are several types of instru- 
ments, the Price, Haskell and Fteley (Fig. 9, 10, 11) being the most com- 
monly used. The recording-devices of these meters are either electrical or 
mechanical. Experience shows that the Fteley meter is the most accurate 
of all, within the limits of its adaptability, although the Haskell meter is 
better used for measurements on large rivers. In making meter measure- 
ments, the instrument must be examined frequently, and any grass or 
moss lodged around the revolving shaft must be removed. 

The velocity in a vertical may be determined in three ways: 

1st: by measuring the velocity at a depth corresponding to the 

approximate position of the thread of average velocity; 
2nd: by the vertical velocity-curve method; 
3rd: by integration. 
First: The position of the thread of mean velocity has been deter- 
mined after numerous experiments, and the relative depths established 
as follows*: 

C. C. Babb Depth 0.58 

Humphrey & Abbott .... „ 0.63 

T. G. EUis „ 0.64 

Wheeler & Lynch „ 0.67 

» U. S. Geological Survey W. S. Paper, No. 56. 
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In practice, the meter is held at a point located at 0.6 of the total 
depth. The error resulting in using 0.6 depth is very small and ranges 
from — 6% to-f-4% with a mean of per cent^, but this value may 
be increased to better advantage to 0.67 depth when measuring canals and 
flumes or narrow and deep natural channels. 




Fig. 9. Cross-Section of small Price Electric Current Meter, showing Details. 

Second: The vertical velocity curve is best obtained by making several 
measurements at regular intervals in a vertical. The velocities so ob- 
tained are plotted on cross-section paper as abscissas, the respective depths 




Fig. 




Haskell Meter. 



Fig. 10. Fteley Current Meter. 

as ordinates. The mean velocity is then obtained by dividing the area 
bounded by this curve passing through the above plotted points and its 
axis by the depth. This area may be measured by a planimeter or by 
the weighing method. 

' River Discharge — Hoyt & Grover. 
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Table X. VeiiicaUvelocity measurement made November 2, 1903, 
by E. C. Murphy, meter No, 338, on Susquehanna River, at Harrisburg, 
State of Pennsylvania. Measurements at 585 feet from initial point for 

soundings. Depth 8 ft. 



Gage height : beginning 3.08 ft. 


, ending 3.08 ft., mean 3.08 ft. Channel open. Thickness of ice, -ft. 


Field notes. 


Data from 


curve and computation. 


Depth of 
center of 
meter be- 
low sur- 
face in 
feet 


Number 
revolu- 
tions per 
60 seconds. 


Number 
revolu- 
tions per 
second. 


Velocity 

per 
second. 


Middle of 
horizon- 
tal sec- 
tion. 


Velocity 
from 
curve. 


Point in 
vertical. 


Velocity. 


Coeffl. 
cient for 
reducing 
to mean 
velocity. 


0.6 


{61—61\ 
\61'-62f 


1.22 


2.86 


1 


2.86 


0.6 depth. 2.45 ' 1.01 


1.6 


{%} 


1.16 


2.71 


2 


2.78 


1 ft. below 2 ^^^ 
surface. 


2.6 


(g) 


1.19 


2.79 


•^' 


2.72 


Bottom. 1.40 1.77 


3.6 


m ) 


1.09 


2.68 


4 


2.62 


Mid depth. 2.57 ' 0.96 


4.6 


iZ) 


1.11 


2.60 


5 


2.60 


' 


6.6 
6.6 




.96 
.92 


2.26 
2.16 


6 
7 


2.36 
2.16 


1 

Depth of mean f A \^' ^^„. 
velocity^ [Z%T 


7.6 


{ ID 


.77 


1.82 


8 


1.82 




8.0 






- 


9 

10 ' 
Total 


19.80 


Computed by Brundage. 










Mean 


2.48 


Checked by 


Marsh. 





Fall of river, — feet per mile. 

Remarks. (Wind conditions. Character of stream bed. Roughness under sur- 
face of ice, etc.) 



The form for recording the obser- 
vations is given in table X and the ve- 
locities of the fourth column are plotted 
as shown on the curve, Fig. 12*. The mean 
abscissae of this curve obtained as indi- 
cated above, is the mean velocity in the 
vertical. 

Third: The integration method con- 
sists in moving the meter from the surface 
to the river bed at a uniform speed, and 
back again to the surface, the revolutions 
and time being observed. The velocity 
is thereby mechanically integrated as t^e 
meter passes successively through all the 
velocities of the running stream. Care must 
be taken that the moving be slow, and 
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Fig. 12. Vertical- velocity Curve. 



* U. S. Geological Survey Water Supply & Irrigation Paper, No. 9*4. 
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especially uniform, otherwise there are liabilities of error. However, this 
method is objectionable, because it offers more complications and atten- 
dance, than the other methods already described. 



22. Computation of Meter Measurements. 

Fig. 13 shows the cross-section of the Saline River, near Salina, Kansas. 
The soundings were taken at each 5 feet of width from the initial point, 
and the Velocity was observed at 0.6 depth below the surface at each of 
these verticals. The computations are shortened by finding the discharge 
through each double strip at a time. 
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Fig. 13. 'Cross-section of Saline River at gauging Station near Salina, Kans. 

The following formulas are used to compute mean depth, mean velocity, 
area, and discharge. 

iiCt d = mean depth for a single strip, 

7 = mean velocity for a single strip, 
di, = mean depth for a double strip. 
Fit = mean velocity for a double strip, 
a,h,c=- consecutive depths, L feet apart, 
F., Fj, F^ = observed velocities in the verticals a, 6, c, 
L = the width of a single strip, 
' Q' = the discharge through a double strip, 

Q = discharge through single strip. 

Then we have: 

1) 



2) 
3) 
4) 
5) 
6) 
7) 
8) 



Q_^a + 66 + c 



8 



LF. 



-(H-^) 



2 



«=...=(i±i).(!^±Z,) 






r m 



6 
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Formulae 6 and 7 are based on the assumption that the stream bed is 
a series of parabolic arcs, also that the horizontal velocity curves are pa- 
rabolic arcs, both of which assumptions are approximately true. 




^ Oiacharge m second-fbtt 
Fig. U, Method of Plotting Curves for Discharge, Mean Velocity and Area of Rivers. 

Fig. 14 shows the discharge, mean velocity and area curves for the Po- 
tomac River at Point of Rocks, Md. 

The product of the area and mean velocity as shown by their relative 
curves, for any gauge height, equals the discharge for the same gauge height. 



23. Measurements of Flow over Weirs and Dams. Thin edged weirs: 
In the following let 

Q = discharge in cubic feet per second, 
H = observed head where there is no velocity of approach, or 

bead corrected for velocity of approach, 
L= length of weir corrected for end contractions if any, 
L' = actual length of crest of weir with end contractions. 



h = head due to velocity = 



2y 



D = actual depth on crest of weir, taken at a point upstream 

to avoid surface curve, 
P = height of weir crest above bottom of channel of approach. 

Francis Formulae 

(2= 3.33 L^*; 
If there are end contractions: 

L = L' — 0.1NH, 
if there is velocity of approach: 

(2 = 3.33L[(Z) + A)*— A^]. 
Three halves powers for numbers from to 12 are given in Table XI. 
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Formula of Boileau 

including correction for velocity of approach 

The ratio 



is greater than 1 ; it decreases to 1 when D decreases to 0, and increases 
when D increases. 



Formula of Fteley and Stearns 

e = 3.31Irfi* + 0.0072: 

in which no correction is made for velocity of approach. 

If the latter must be considered, the value of correction is determined by 

H = D'\-ah where 
a =1.5 for suppressed weirs, 
L = L' — 0.1 NH and a = 2.05 if there are end contractions. 



Q = fi 



in which 



Bazin Formula 
l + 0.55(-p^yjLDV2^ 

^ .r.. , 0.0984 
;i = 0.405H =—. 



The mean velocity in the channel of approach is influenced by the 
depth P, consequently the discharge is also influenced by the same factor. 

Table XII* gives the discharge per foot of length over sharp crested 
vertical weirs, without end contractions, of heights 2, 4, 6, 8, 10, 20 and 30 
feet, computed from Bazin's formula. Although this formula is based on 
data obtained from experiments with heads not greater than 1.64 feet, 
discharges for heads of 4 feet and less computed thereby, agree within 2 
per cent with those obtained by the use of the Fteley and Steams formula. 
The discharge given by this table is corrected for velocity of approach, and 
the head to be used is that observed 16 feet or more upstream from the 
crest of the weir. 

This table is computed from the formula of Bazin as given above : 
«_(„.405 + t»?y)[,+0.56(5-^)']£i>V2-F5. 



* U. S. Geological Survey Water Supply and Irrigation Paper No. 200. 
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Table XI. Three-halves powers for numbers from to 12. 




I 



10 



11 



0.00 
.01 
.02 
.03 
.04 
.05 
.06 
.07 
.08 
.09 



0.10 
.11 
.12 
.13 
.14 
.15 
.16 
.17 
.18 
.19 

0.20 
.21 
.22 
.23 
.24 
.25 
.26 
.27 
.28 
.29 

0.30 
.31 
.82 
.33 
.34 
.35 
.36 
.37 
.38 
.39 



0.40 
.41 
.42 
.43 
.44 
.45 
.46 
.47 
.48 
.49 



0.0000 
.0010 
.0028 
.0052 
.0080 
.0112 
.0147 
.0185 
.0226 
.0270 



1.0000 
1.0150 
1.0302 
1.0453 
1.0606 
1.0759 
1.0913 
1.1068 
1.1224 
1.1380 



0.0316|1 
.0365 1 
.0416 ;i 
.046911 
.0524 'l 
.058111 
.0640 1 
.070111 
.0764,1 
.0828 1 



2.828415, 
2.8497(5 
2.87105 



2.8923 
2.9137 
2.9352 
2.9567 
2.9782 
2.9998 



3.0215!5. 

I 



1962|8 

2222 8 

2482 

2743 

3004 

3266 

3528 

3791 

4054 

4317 



1537 3, 
1695 3 
185313 
201213 
21723 
2332 3, 
2494 1 3, 
2656! 3. 
2818 i 3. 
298113. 



0432 j 5 
0650 5 



0000 11 
0300!ll 
.0601 11 
.0902111 
.1203 11 
1505111, 
1807 11, 
2109111, 
2412 11 



8, 
8, 
8, 
8. 
8.2715111. 



1803 14. 
2139 14 
2475114. 
281 1; 14, 
3148114. 
3485 14. 



3822 
4160 
4497 
4836 



6969,18.5203 
7337118.5600 
7705; 18.5997 
8073 18.6394 
844218.6792 
8810 18.7190 
9179 18.7589 
9549 1 18.7988 
991948.8387 
0289 1 18.8786 



22.6274 
22.6699 
22.7123 
22.7548 
22.7973 
22.8399 
22.8825 
22.9251 
22.9677 
23.0103 



27.0000 
27.0450 
27.0890 
27.1351 
27.1802 
27.2253 
27.2705 
27.3156 
27.3608 
27.4060 



31.6228 
31.6702 
31.7177 
31.7652 
31.8127 
31.8602 
31.9078 
31.9554 
32.0133 
32.0506 



36.4829 
36.5326 
36.5824 
36.6322 
36.6820 
36.7319 
36.7818 
36.8317 
36.8816 
36.9315 



4581 8.30191 
484518.3323! 
.5110 8.36271 



0868 5, 
1086 5.5375 8.3932 
1306 5.5641 8.4237 
1525| 5.5907 8.4542 
1745 1 5.6173 8.4848 
196615.6440 8.5154 
2187 '5.6708 8.5460 
240915.6975 8.5767 



0.0894 
.0962 
.1032 
.1103 
.1176 
.1250 
.1326 
.1403 
.1482 
.1562 



1 .31451 3.2631 
1.3310 3.2854 
1.347513.3077 
1.3641 13.3301 
1.380813.3525 
1.3975'3.3750 
1.4141 3.3975 



1.4312 
1.4482 
1.4652 



0.1643 
.1726 
.1810 
.1896 
.1983 
.2071 
.2160 
.2251 
.2342 
.2436 



1.4822 
1.4994 
1.5166 
1.5338 
1.5512 
1.5686 
1.5860 
1.6035 
1.6211 
1.6388 



3.4201 
3.4427 
3.4654 



5.7243 8.6074 
5.7512,8.6382 
5.7781' 8.6690 
5.8050; 8.6998 
5.8320 '8.7307 
5.8590:8.7616 
5.8861 18.7925 
5.9132 8.8235 
5.9403 1 8.8545 
5.9675! 8.8856 



11.5174 
11.5513 
11.5852 
11.6192 
11.6532 
11.6872 
11.7213 
11.7554 
11.7895 
11.8236 



15.0659 
15.1030 
15.1400 
15.1772 
15.21431 
15.2515, 
15.28871 
15.32601 
15.3632 
15.4005 



18.9185 
18.9585 
18.9985 
19.0386 
19.0786 
19.1187 
19.1589 
19.1990 
19.2392 
19.2794 



23.0530 
23.0957 
23.1384 
23.1812 
23.2240 
23.2668 
23.3096 
23.35251 
23.3954: 
23.4383 



27.4512 
27.4965 
27.5418 
27.5871 
27.6324 
27.6778 
27.7232 
27.7686 
27.8140 
27.8595 



32.0983 
32.1460 
32.1937 
32.2414 
32.2892 
32.3370 
32.3848 
32.4326 
32.4804 
32.5283 



36.9815 
37.0315 
37.0815 
37.1315 
37.1816 
37.2317 
37.2817 
37.3319 
37.3820 
37.4322 



11.8578 
11.8920 
11.9263 
11.9606 
11.99491 
12.0293; 
12.0636] 
12.0981 
12.1325 
12.1670' 



15.4379 
15.4752 
15.5126 
15.5501 
15.5866 
15.6250 
15.6616 
15.7001 
15.7376 
15.7752 



3.488115. 
3.5109 i 6. 



3.5337 
3.5566 
3.5795 
3.6025 
3.6255 
3.648616, 
3.6717 6, 
3.6949 6, 



9947 8.9167 
0220 8.9468 
0493 1 8.9790 
0767 9.0102 
104119.0414 
1315!9.0726 
15909.1040 



1865 
2141 
2417 



0.2530 1.6565 
.2625 1.6743 
.2722 1.6921' 
.2820' 1.7 100 
.2919:1.7280 
.3019 1.7460 
.3120' 1.7641 
.3222; 1.7823 
.3325 1.8005 
.3430 1.8188 



3.7181 
3.7413 
3.7646 



6.2693 
6.2970 
6.3247 



3.7880 6.3525 
3.8114 6.3803 
3.8349 6.4081 
3.8584 1 6.4360 
3.8819 '6.4639 
3.9055 6.4919 
3.9292 6.5199 



9.1353 
9.1667 
9.1981 



12.2015! 15.8129 
12.2361 15.8505 



19.3196 
19.3599 
19.4002 
19.4405 
19.4808 
19.5212; 
19.5576, 
19.6021 
19.6425' 
19.6830, 



23.4812 
23.5242 
23.5672 
23.6102 
23.6533 
23.6963 
23.7394 
23.7825 
23.8257 
23.8689 



27.9050 
27.9514 
27.9960 1 
28.0416 
28.0872 
28.1328 
28.1784 
28.2241 
28.2698 
28.3155 



32.5762 
32.6241 
32.6720 
32.7200 
32.7680 
32.8160 
32.8640 
32.9121 
32.9600 
33.0083 



37.4824 
37.5326 
37.5828 
37.6331 
37.6833 
37.7336 
37.7840 
37.8343 
137.8847 
37.9351 



12.2706 



12.3053J5.9260 



12.3399 
12.3746 
12.4093 



15.8882 



15.9637 
16.0015 
16.0393 



12.44401 16.0772 
12.4788,16.1150 
12.5136 16.1529 



19.7235 
19.7641 
19.8046 
19.8452 
19.8858 
19.9265 
19.9672 
20.0079 
20.0486 
20.0894 



23.9121 28, 
23.9553128 
23.9986 28 
24.0418 1 28, 
24.0851 28 
24.1285 28 
24.1718 28 
24.2152 28 
24.2586128, 
24.3021 28 



3612 33 
4069133 
4527 1 33 
4985 33 
5444133 
5902 1 33 
6361 j 33 
6820133 
7279,33 
,7739133 



0564137.9855 
.1046138.0359 
1527,38.0864 
.2009138.1369 
2492,38.1874 
.2974138.2379 
.3457 1 38.2884 
3940 1 38.3390 
4423 38.3896 
.4906138.4402 



9.2295 
9.2610 
9.2925 
9.3241 
9.3557 
9.3873 
9.4189 
9.4506 
9.4824 
9.5141 



12.54851 
12.5833 = 
12.61821 
12.6532 1 
12.68821 
12.7232 
12.75821 
12.79331 
12.82841 
12.86351 



16.1909 
16.2288 
16.2668 
16.3048 
16.3429 
16.3810 
16.4191 
16.4572 
16.4954 
16.5336 



20.1302 24. 
20.1710J24. 
20.2118124. 
20.2527124. 
20.2936124. 
20.3345 24. 
20.3755 24, 
20.4165,24 
20.4575 '24 
20.4985 24 



3455128. 
3890 28. 
4325 1 28. 
4761 28. 
5196 1 29. 
5632 '29, 
6068 1 29. 
6505 29, 
6941129 
7378; 29 



8199133.5390 
8659 1 33.5874 
,9119133.6358 
.9579 33.6842 
,0040 33.7327 
.0501 33.7811 
,0962 33.8297, 
1424|33.8782 
.1885 33.9267 1 
.2347 133.97531 



38.4908 
38.5415 
38.5922 
38.6429 
38.6936 
38.7443 
38.7951 
38.8459 
38.8967 
38.9475 
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Table XI. Three -halves powers for numbers from to 12. — (Continued.) 



UniU 



Hun- 
dreths 



10 



11 



— r-^ 

9529 6.5479 
976616.5760 
0004:6.6041 
0242 6.6323 
0481,6.6605 
072016.6887 
0960 6.7170 
1200 6.7453 
1441 6.7737 
1682 6.8021 



0.50 
.51 
.52 
.53 
.54 
.55 
.56 
.57 
.58 
.59 



0.3536 
.3642 
.3750 
.3858 
.3968 
.4079 
.4191 
.43031 
.4417 
.4532! 



1.8371 

1.8555 

1.8740 

1.8925 

1.9111 

1.9297 

1.9484 

1.9672 

1.9860 4. 

2.0049 4. 



9.5459 
9.5778 
9.6097 
9.6416, 
9.6735 
9.7055 
9.7375 
9.7695, 
9.8016 
9.8337: 



12.8986 
12.9338 
12.9691 
13.0043 
13.0396 
13.0749 
13.1103 
13.1457 
13.1811 
13.2165 



16.5718 
16.6101 
16.6484 
16.6867 
16.7250 
16.7634 
16.8018 
16.8402 
16.8787 
16.9172 



20.5396 
20.5807 
20.6218 
20.6630 
20.7041 
20.7453 
20.7866 
20.8278 
20.8691 
20.9104 



24.7815 
24.8253 
24.8691 
24.9129 
24.9567 
25.0005 
25.0444 
25.0883 
25.1322 
25.1762 



29.2810 134. 
29.3272 34. 
29.3735134. 
29.4198 34. 
29.4661 1 34. 
29.5124 34. 
29.5588 34. 
29.6052 j 34. 
29.6516,34. 
29.6980 34. 



0239138.9984 
0725 '89.0493 
121139.1002 
,1698 189.1511 
,2185 89.2020 
2672139.2530 
3159139.3040 
3647!39.3550 
4135 39.4060 
4623 39.4571 



0.60 
.61 
.62 
.63 
.64 
.65 
.66 
.67 
.68 
.69 

0.70 
.71 
.72 
.73 
.74 
.75 
.76 
.77 
.78 
.79 



0.4648,2, 
.47642 
.4882/2, 
.5000,2, 
.51202. 
.52402. 
.5362 2. 
.548412. 
.56071 2. 
.573212. 



0238!4.1924| 
0429 4.2166, 
061 9 14.2408 1 
081014.2651 
1002 4.28951 
11954.3139; 
1388!4.3383i 
1581|4.3628| 
1775 14.3874 
1970,4.4119' 
I ! 



6.8305, 
6.8590! 
6.8875 
6.91611 
6.9447! 



9.8659' 
9.8981 j 
9.9303 
9.96261 
9.9949 



6.9733 10.0272 
7.0020 10.0596 
7.0307 1 10.0920 
7.0595 10.1244 
7.0883:10.1569 



13.2520 
13.2875 
13.3231 i 
13.3587, 
13.3943! 
13.4299, 
13.46561 
13.5013 
13.5370! 
13.5728: 



0. 



5857 
5983 
.6109 
.6237] 
.6366' 
.6495. 
.6626 
.6757 
.6889 
.7022 



2.2165 4. 



2.2361 
2.2558 
2.2755 
2.2952 
2.3150 
2.3349 
2,3548 4. 
2.3748 4. 
2.3949 4, 



4366i7.1171 
4612 7.1460 
4859 7.1749; 
5107 7.2038' 
5355 7.2328; 
5604 7.2618' 
5853:7.2909; 
6102;7.3200' 
,635217.3492 

.6602 7.3783 

I I 



10.1894, 
10.2214 
10.2545' 
10.2871 
10.3197 
10.3524 
10.3851 
10.4178 
10.4506 
10.4834 



13.6086 
13.6444 
13.6803 
13.7161 
13.7521 
13.7880 
13.8240 
13.8600 
13.8961 
13.9321 



16.9557 
16.9943 
17.0328 
17.0714; 
17.1101 
17.1488 
17.1874 
17.2172 
17.2649 
17.3037 

17.3425 
17.3814 
17.4202 
17.4591! 
17.4981' 
17.5370 1 
17.5760' 
17.6150 
17.6541 
17.6931 



20.9518 
20.9931 
21.0345 
21.0759, 
21.1174 
21.1589 
21.2004! 
21.2419 
21.2834! 
21.3250 

21.3666 

21.4083 

21.4499 

21.4916 

21.5833 

21.5751 

21.6169 

21.65871 

21.7005 

21.7423 



25.2202, 
25.26421 
25.3082 
25.3522 
25.3963' 
25.4404, 
25.48451 
25.5287 
25.5729 1 
25.6171 



I 



25.6613 
25.7056 
25.7499 
25.7942 
25.8395 
25.8828 
25.9272 
25.9716 
26.0161 
26.0605 



0.80 
.81 
.82 
.83 
.84 
.85 
M 
.87 
.88 
.89 

0.90 
.91 
.92 
.93 
.94 
.95 
.96 
.97 
.98 
.99 

1.00 



0.715512.4150 
.7290 2.4351 
.7425 2.4553 
.7562 2.4756 
.7699 2.4959 
.7837t2.5163 
.7975! 2.5367 
.811512.5572 
.8255| 2.5777; 
.8396 2.59831 



4.68.53 7 
4.710417 
4.7356! 7 
4.7608 7 
4.7861 1 7 
4.8114 7 
4.8367 7 
4.8621 1 7 
4.887517 
4.9130:7 



4076 10. 
,4368 1 10, 
4661,10. 

,4955! 10. 

.5248 10. 
5542 1 10. 
5837110, 
6132 10. 
6427110. 
6723' 10. 



5163 13. 
5492 1 14. 
581 2 1 14. 
6I5O1I4. 
6480 14. 
68IO1I4. 
7141 '14. 
7472 14. 
7803114. 
81 34 14. 



9682117 
0044|l7 
0406 17, 
0768|17 
1130 17 
1493,17 
1856|l7 
2219 18 
2582,18 
2946 18 



.7322 
.7714 
8105 
.8507 
.8889 
9282 
.9674 
.0067, 
.0461 
0854 



21.7842 
21.8261 
21.8681 
21.9100 
21.9520 
21.9940 
22.0361 
22.0781 
22.1202 
22.1623 



26.1050 
26.1495 
26.1941 
26.2386 
26.2882 
26.3278 
26.3725 
26.4171 
26.4618 
26.50651 



29.7445 
29.7910: 
29.8375 1 
29.88411 
29.9306' 
29.9772 
30.0238! 
30.07041 
30.1171 
30.1638 

30.21 05 : 
80.25721 
30.3040 1 
30.8507 1 
30.3975, 
30.4444 
30.4912 
30.5381 
30.5850 
30.6319 

80.6789' 
80.7258, 
30.77281 
30.8198, 
80.8669 
30.9139 
80.9610 
31.00811 
31.0553 
81.1024 



34.5111 139, 
34.5599139. 
34.6088:39. 
34.6577189. 
84.7066 139. 
34.7557 39. 
34.8045:39. 
34.8535139. 
34.9025139. 
84.9516 39. 



5082 
5593 
6104 
6615 
7127 
7639 
8151 
8663 
9176 
9689 



35.0006 
35.0497 
35.0988 
35.1479 
85.1971 
35.2462 
35.2954 
35.3446 
35.3989 
35.4431 



0.0202 
[40.0715 
40.1228 
|40.1742 
40.2256 
40.2770 
,40.3284 
40.8798 
40.4313 
40.4828 



85.4924 40.5843 
85.5417,40.5859 
85.5911140.6874 
35.6404 '40.6890 
35.6898 40.7406 
85.7392 ,40.7922 
85.7886140.8439 
35.8380 40.8955 
85.8875,40.9472 
85.9370 40.9989 



0.8538; 
.8681' 
.8824 
.8969 
.9114 
.9259 
.9406; 
.9553 
.9702 
.9850 

1.0000. 



2.6190 
2.6397 
2.6604 
2.6812 
2.7021 
2.7230 
2.7440 
2.7650 
2.7861 
2.8072 
2.8284 



4.9885 
4.9641 1 
4.9897; 
5.0154 
5.04111 
5.0668 
5.0926 
5.1184 
5.1443 
5.1702 
5.1962 



7.7019110 
7.7315! 10 
7.7702 10, 
7.7909 10 
7.8207 10, 
7.8505.11, 
7.8803111, 
7.9102 11 
7.9401 1 11, 
7.9700 11 
8.0000 11 



8466 14 
8798 '14 
9131 14 
9464.14 
9797114 
0131! 14 
0464,14 
0799 14 
1138'14 
1468|l4 
,1808 14 



.3311118.1248; 
.3675118.1642 
4040 18.2037; 
4405.18.24821 
.47701 18.2827' 
5136 18.3222 
.5502 18.8617 
.5869118.4013. 
.6235 18.4409 
6602 18.4806 
.6969 18.5208 



22.2045 
22.2467 
22.2889 
22.3311 
22.3733 
22.4156 
22.4579 
22.5003 
22.5426 
22 5850 
22.6274 



26.5528 
26.5960 
26.6408 
26.6856 
26.7805 
26.7758 
26.8202 
26.8651 
26.9100 
26.9550 
27.0000' 



31. 1496135, 
81.1968 36. 
81.2441 86. 
81.2913|86. 
81.3386 86. 
81.8850; 36. 
31.4332136, 
81.4806 36, 
31.5280 186, 
31.5754 36, 
31.6228 36, 



0860 
0856 
1352 
1848 
2344 
2841 
3837 
8884 
4331 



.9865 41.0507 
41.1024 
41.1542 
41.2060 
41.2578 
41.3097 
41.3615 
41.4184 
41.4653 
41.5173 

4829 41.5692 
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Stream Measurements. 



Table XII. Discharge in second-feet per foot of crest over sharp-crested 
rectangular weirs ivithout end contractions.^ 



K 


2 


4 


6 


8 


10 


20 


30 


X 


2 


4 


6 


8 


10 j 20 1 30 


0.1 


0.13 


0.13 


0.13 


0.13 


0.13 


0.13 


0.13 


5.1 


48.25 


44.09 


41.96 


40.73 


39.97 


38.45 38.03 


.2 


.33 


.33 


.33 


.33 


.33 


.33 


.33 


5.2 


49.79 


45.50 


43.29 


42.01 


41.20 


39.61' 39.17 


.3 


.58 


.58 


.58 


.58 


.58 


.58 


.58 


5.3 


51.36 


46.93 


44.64 


43.30 


42.45 


40.781 40.31 


A 


.88 


.88 


.87 


.87 


.87 


.87 


.87 


5.4 


52.94 


48.38 


46.00 


44.60 


43.71 


41.96 41.47 


.5 


1.23 


1.21 


1.21 


1.21 


1.21 


1.20 


1.20 


5.5 


54.54 


49.85 


47.38 


45.93 


45.00 


43.161 42.64 


.6 


1.62 


1.59 


1.58 


1.58 


1.57 


1.57 


1.57 


5.6 


56.15 


51.34 


48.79 


47.27 


46.31 


44.3^; 43.83 


.7 


2.04 


1.99 


1.98 


1.98 


1.97 


1.97 


1.97 


5.7 


57.78 


52.83 


50.19 


48.62 


47.62 


45.60 45.02 


..8 


2.50 


2.43 


2.41 


2.41 


2.40 


•2.40 


2.40 


5.8 


59.42 


54.34 


51.62 


49.99 


48.94 


46.83 46.22 


.9 


3.00 


2.90 


2.88 


2.86 


2.86 


2.85 


2.85 


5.9 


61.09 


55.88 


53.07 


51.38 


50.29 


48.08; 47.44 


1.0 


3.53 


3.40 


3.36 


3.35 


3.34 


3.33 


3.33 


6.0 


62.77 


57.43 


54.53 


52.78 


51.64 


49.34 1 48.67 


1.1 


4.10 


3.93 


3.88 


3.86 


3.85 


3.84 


3.8^ 


.6.1 


64.46 


59.00 


56.00 


54.20 


53.02 


50.61, 49.91 


1.2 


4.69 


4.48 


4.42 


4.40 


4.38 


436 


4.36 


6.2 


66.18 


60.58 


57.50 


55.63 


54.40 


51.90' 51.16 


1.3 


5.32 


5.07 


4.99 


4.96 


4.94 


4.92 


4.91 


6.3 


67.91 


62.18 


59.01 


57.07 


55.80 


53.20 52.42 


1.4 


5.99 


5.68 


5.58 


5.55 


5.52 


5.49 


5.48 


6.4 


69.65 


63.79 


60.53 


58.53 


57.22 


54.50 53.70 


1.5 


6.69 


6.30 


6.20 


6.16 


6.13 


6.08 


6.07 


6.5 


71.42 


65.42 


62.07 


60.01 


58.65 


55.82' 54.98 


1.6 


7.40 


6.97 


6.84 


6.78 


6.75 


6.69 


6.68 


6.6 


73.19 


67.07 


63.63 


61.50 


60.09 


57.16 


56.27 


1.7 


8.15 


7.66 


7.50 


7.43 


7.39 


7.33 


7.31 


6.7 


74.99 


68.74 


65.20 


63.00 


61.55 


.58.50 


57.58 


1.8 


8.93 


8.37 


8.18 


8.09 


8.05 


7.98 


7.96 


6.8 


76.80 


70.42 


66.78 


64.53 


63.02 


59.961 58.90 


1.9 


9.74 


9.11 


8.89 


8.79 


8.74 


8.65 


8.63 


6.9 


78.62 


•72.11 


68.38 


66.06 


64.50 


61.23| 60.22 


2.0 


10.58 


9.87 


9.62 


9.51 


9.44 


9.34 


9.32 


7.0 


80.46 


73.82 


70.00 


67.60 


66.00 


62.611 61.56 


2.1 


11.44 


10.65 


10.37 


10.24 


10.17 


10.05 


10.02 


7.1 


82.32 

31.18 


75.55 


71.63 


69.17 


67.52 


64.00; 62.91 


2.2 


12.33 


11.46 


11.14 


10.99 


10.91 


10.78 


10.75 


7.2 


77.29 


73.28 


70.74 


69.04 


65.40 ' 64.27 


2.3 


13.25 


12.29 


11.93 


11.77 


11.67 


11.52 


11.48 


7.3 


86.07 


79.04 


74.94 


72.34 


70.58 


66.81, 65.64 


2.4 


14.20 


13.15 


12.75 


12.56 


12.45 


12.28 


12.24 


7.4 


87.97 


80.81 


76.61 


73.94 


72.14 


68.24 67.02 


2.5 


15.18 


14.03 


13.59 


13.37 


13.25 


13.06 


13.02 


7.5 


89.89 


82.60 


78.30 


75.56 


73.70 


69.68,' 68.41 


2.6 


16.17 


14.92 


14.44 


14.20 


1407 


13.85 


13.80 


7.6 


91.82 


84.40 


80.01 


77.19 


75.28 


71.13 


69.81 


2.7 


17.19 


15.84 


15.31 


15.05 


14.90 


14.65 


14.60 


7.7 


93.76 


86.22 81.73 


78.84 


76.88 


72.59 


71.23 


2.8 


18.23 


16.79 


16.21 


15.92 


15.76 


15.48 


15.42 


7.8 


95.72 


88 05 


83.46 


80.50 


78.48 


74.06 


72.65 


2.9 


19.29 


17.75 


17.12 


16.81 


16.63 


16.32 


16.25 


7.9 


97.70 


89.90 


85.21 


82.18 


80.11 

8!.74 


75.55 


74.09 


3.0 


20.38 


18.74 


18.06 


17.71 


17.52 


17.18 


17.10 


8.0 


99.68 


91.75 


86.97 


83.87 


77.04 


75.53 


3.1 


21.50 


19.74 


19.01 


18.64 


18.42 


18.05 


17.96 


8.1 


101.69 


93.63 


88.75 


85.57 


83.39 


78.55 


76.98 


3.2 


22.64 


20.77 


19.98 


19.58 


19.34 


18.93 


18.83 


8.2 


103.70 


95.51 


90.54 


87.29 


85.25 


80.06 


78.44 


3.3 


23.80 


21.82 


20.98 


20.54 


20.28 


19.83 


19.72 


8.3 


105.73 


97.42 


92.34 


89.02 


86.72 


81.59 


79.92 


3.4 


24.98 


22.89 


21.99 


21.52 


21.24 


20.75 


20.63 


8.4 


107.78 


99.34 


94.16 


90.76 


88.41 


83.13 


81.40 


3.5 


26.20 


23.98 


23.01 


22.51 


22.22 


21.69 


21.55 


8.5 


109.84 


101.27 


96.00 


92.52 


90.11 


84.69 


82.90 


3.6 


27.42 


25.09 


24.06 


23.52 


23.20 


22.62 


22.48 


8.6 


111.91 


103.21 


97.84 


94.29 


91.82 


86.25 


84.41 


3.7 


28.67 


26.23 


25.13 


24.55 


24.21 


23.58 


23.43 


8.7 


113.99 105.17 


99.70 


96.07 


93.55 


87.82 


85,92 


3.8 


29.94 


27.38 


26.22 


25.60 


25.23 


24.56 


24.39 


8.8 


116.09 107.14 


101.57 


97.87 


95.28 


89.40 


87.44 


3.9 


31.23 


28.55 


27.32 


26.66 


26.27 


25.54 


25.37 


8.9 


118.20 109.13 


103.46 


99.68 


97.04 


91.00 


88.98 


4.0 


32.54 


29.74 


28.45 


27.74 


27.32 


26.55 


26.35 


9.0 


120.33 111.13 105.36 


101.50 


98.80 


92.6l! 90.52 


4.1 


33.87 


30.96 


29.59 


28.84 


28.39 


27.56 


27.34 


9.1 


122.471113.15 


107.28 


103.34 


100.58 


94.23! 92.08 


4.2 


35.22 


32.18 


30.75 


29.96 


29.48 


28.59 


28.35 


9.2 


124.62' 115.18 


109.21 


105.19 


102.37 


95.86 1 93.65 


4.3 


36.59 


33.43 


31.92 


31.09 


30.58 


29.63 


29.38 


9.3 


120.79 117.221111.15 


107.06 


10417 


97.49 95.22 


4.4 


37.99 


34.70 


33.12 


32.24 


31.70 30.68 


30.42 


9.4 


128.97 119.27 113.10 


108.93 


105.99 


99.14' 96.80 


4.5 


39.40 


35.98 


34.33 


33.40 


32.83 31.74 


31.47 


9.5 


131.16ll21.34 115.07 


110.82 


107.82 


1 00.80 1 98.40 


4.6 


40.83 


37.29 


35.56 


34.58 


33.98 32.82 


32.53 


9.6 


133.36 123.42 


117.05 


112.72 


109.65 


102.48 i 100.00 


47 


42.28 


38.61 


36.80 


35.78 


35.14 33.92 


33.61 


9.7 


135.58 125.51 


119.04 


114.64 


111.50 


104.161 101.62 


4.8 


43.75 


39.96 


38.07 


37.00 


36.32 


35.04 


34.70 


9.8 


137.821127.63 


121.05 


116.57 


113.37 


105.85; 103.25 


4.9 


45.23 


41.32 


39.35 


38.23 


37.52 


36.17 


35.86 


9.9 


140.06 1 129.74 


123.07 


118.51 


115.25 


107.56 104.88 


5.0 


46.73 


42.69 


40.65 


39.48 


38.74 


37.21 


36.91 


10.0 


142.31 


,131.87 


125.10 


120.46 


117.14 


109.27 


106.52 



« This table should not be used where water on the downstream side of the weir is above 
the level of the crest, nor unless air circulates freely between the overfalling sheet and the down- 
stream face of the weir. If a vacuum forms under the falling sheet the discharge may be 5 per 
cent greater than given in this table. 
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Table XIII. Multipliers to be used in connection with Table XII to obtain the 

discharge over broad-crested weirs of rectangular cross-section of type a, fig. 15. 

[P = Height of weir; c = width of crest; D = observed head, all in feet.] 



V 


4.6 


4.6 


11.25 


11.25 


11.25 


11.25 


11.25 


11.25 


11.25 


11.25 


d\c 


2.6 


6.6 


.48 


. .93 


1.65 


3.17 


5.88 


8.98 


12.24 


16.30 


0.5 








0.821 


0.792 


0.806 


0.792 


0.799 


0.801 


0.786 


0.790 


1.0 


0.765 


0.708 


.997 


.899 


.808 


.795 


.791 


.794 


.815 


.790 


1.5 


.789 


.709 


1.00 


.982 


.878 


.796 


.796 


.793 


.814 


.792 


2.0 


.814 


.710 


1.00 


1.00 


.906 


.815 


.797 


.792 


.797 


.793 


2.5 


.835 


.711 


1.00 


1.00 


.985 


.844 


.797 


.790 


.796 


.793 


3.0 


.857 


.711 


1.00 


1.00 


1.00 


.870 


.797 


.788' 


.794 


.791 


3.5 


.878 


.712 


1.00 


1.00 


1.00 


• .90 


.812 


.787 


.794 


.791 


4.0 


,899 


.714 


1.00 


1.00 


1.00^. 


.93 


.834 


.786 


.792 


.789 


5.0 


.940 


.716 


1.00 


1.00 


1.00 


.97 


a 


.78 


.79 


.78 


6.0 


.986 


.718 


1.00 


1.00 


1.00 


.98 


a 


.78 


.78 


.78 


7.0 








1.00 


1.00 


1.00' 


a 


a 


.77 


.78 


.77 


8.0 


• 


— 


1.00 


1.00 


1.00 


a 


a 


.77 


.77 


.77 


9.0 


— 


— 


1.00 


1.00 


1.00 


a 


a 


.77 


.77 


.77 


10.0 


— 


- 


1.00 


1.00 


1.00 


a 


1 « 


.77 


.77 


.77 



« Value doubtful. 



Table XIV. Multipliers to be used in connection unth Table XII to obtain the dis- 
charge over broad-crested weirs of trapezoidal cross-section of types b atid c, fig. IB. 
[P = Height of weir, in feet; c = width of crest, in feet; a = upstream slope; 
«'= downstream slope; D = observed head, in feet.] 









Type 6, fig. 


15. 






Type c. 


fig. 15. 


p 


4.9 


4.9 


4.9 


4.9 


4.9 


4.9 


4.9 


4.65 


11.25 


c 


.33 


.66 


.66 


.66 


.66 


.33 


.66 


7.00 


6.00 


B 


2:1 


2:1 


3:1 


4:1 


5:1 


2:1 


2:1 


4.67:1 


6:1 


8" 

















5:1 


2:1 


— 


— 


D 

1.0 


1.137 


1.048 


1.066 


1.039 


1.009 


1.095 


1.071 


1.042 


1.060 


1.5 


1.131 


1.068 


1.066 


1,039 


1.009 


1.071 


1.066 


1.033 


1.069 


2.0 


1.120 


1.080 


1.061 


1.033 


1.005 


1.044 


1.053 


1.024 


1.054 


2.5 


1.106 


1.085 


1.052 


1.026 


.997 


1.024 


1.047 


1.012 


1.012 


3.0 


1.094 


1.088 


1.047 


1.020 


.991 


1.009 


1.047 


.995 


.985 


3.5 


1.085 


1.087 


1.043 


1.017 


.988 


1.003 


1.050 


.983 


.979 


4.0 


1.072 


1.084 


1.038 


1.012 


.984 


1.014 


1.052 


.977 


.976 


4.5 


1.064 


1.081 


1.035 


1.009 


.980 


1.023 


1.055 


.974 


.973 


5.0 


— 



















.97 


.97 


6.0 


— 




















.97 


.96 


7.0 

















__ 





.97 


.96 


8.0 






















.96 


.95 


9.0 























.96 


.95 


10.0 


— 


— 


— 


— 


— 


— 


— 


.96 


.95 



Tables XIII, XIV and XV give multipliers to be applied to quantitities 
in Table XII to determine the discharge over broad crested weirs of crest 
shape and height shown at the head of each column. See fig. 15. 

Example : Suppose the discharge over a rectangular weir that is 10 feet 
long, 12 feet high, 6 feet crest width and has an observed head of 2.4 feet, 
is to be computed. 

Table XII shows that for a height P of 12 feet and a head of i)= 2.4, 
the discharge Q is 12.42 second-feet. 
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HU»r 
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Table XIII shows that for a 
height P of 12 feet, a crest 
width c o^ 6 feet, and head D of 
2.4 feet the multipUer is 0.797 
Hence the discharge is 

12.42 X 0.797 X 10 = 99.0 
second-feet. 

With two end contractions 
the discharge would be 

2x2.4\ 



9.9 10 



10 



')= 



94.2. 



Figure 16 shows the curve of 
discharge over the Schaghti- 
cbke dam, corrected for velo- 
city of approach and for dis- 
charge over broad-crested weir. 

Submerged weirs. 
Formula of Fteley and Steams. 
d' 



Q = GL 



H + 



2J 



Vz. 



15. Type of Weirs referred to 
in tables Xm, XIV, XV. 



The value of the coefficient 
G is given in table XVI. 

In this formula, Z is the 
difference of elevation of the 
upstream and downstream 
sides, or ^ = (H — d) and 
d= measured head. Fig. 17. 



Table XV. Multipliers to be used in connection with Table XU io obtain the 
discharge over broad-crested weirs of compound cross-section of types d to m 

inclusive, fig. 15. 

[P = Height of weir, in feet; D = observed head, in feet.] 



p 


4.57 


4.56 


4.53 


5.28 


11.25 


11.25 


11.25 


11.25 


11.25 


11.25 


Typ€,flg.l5. 


d 


e 


f 


^ 


h 


i 


i 


k 


m 


D 

0.5 










0.941 


0.924 


0.933 


0.962 


0.971 


0.947 


1.0 


0.842 


0.836 


0.929 


0.976 


1.039 


1.033 


.988 


1.045 


1.033 


1.000 


1.5 


.866 


.834 


.950 


.979 


1.087 


1.093 


1.018 


1.066 


1.042 


1.036 


2.0 


.888 


.831 


.953 


.988 


1.109 


1.133 


1.033 


1.063 


1.035 


1.063 


2.5 


.906 


.826 


.947 


1.000 


1.118 


1.153 


1.045 


1.020 


1.033 


1.085 


3.0 


.927 


.822 


.942 


1.016 


1.120 


1.163 


1.054 


.997 


1.045 


1.096 


3.5 


.945 


.817 


.936 


1.032 


1.127 


1.169 


1.060 


.994 


1.054 


1.108 


4.0 


.965 


.812 


.931 


1.044 


1.123 


1.165 


1.060 


.991 


1.057 


1.110 


5.0 


1.00 


.80 


.92 


1.05 


1.11 


1.16 


1.05 


.98 


1.05 


1.10 


6.0' 


— 


— 


— 


— 


1.11 


1.15 


1.04 


.98 


1.04 


1.10 


7.0 


— 


— 


— 


— 


1.10 


1.14 


1.04 


.97 


1.04 


1.09 


8.0 


— 


— 


— 


— 


1.10 


1.14 


1.04 


.97 


1.03 


1.09 ♦ 


9.0 


— 


— 


— 


— 


1.09 


1.14 


1.03 


.97 


1.03 


1.08 


10.0 


~ 


— 


— 


— 


1.09 


1.13 


1.03 


.97 


1.03 


1.08 
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Table XVI. Fteley and Stearns's coefficients for 


submerged weirs. 


d 
H 


0.00 


0.01 


0.02 


0.03 


0.04 


0.05 


0.06 


0.07 


0.08 


0.09 


0.0 





3.330 


3.331 


3.335 


3 343 


3.360 


3.368 


3.371 


3.372 


3.370 


.1 


3.365 


3.359 


3.352 


3.343 


3.335 


3.327 


3.318 


3.310 


3.302 


3.294 


.2 


3.286 


3.278 


3.271 


3.264 


3.256 


3.249 


3.241 


3.234 


3.227 


3.220 


.3 


3.214 


3.207 


3.201 


3.194 


3.188 


3.182 


3.176 


3.170 


3.165 


3.159 


.4 


3.155 


3.150 


3.145 


3.140 


3.135 


3.131 


3.127 


3.123 


3.119 


3.116 


.5 


3.113 


3.U0 


3.107 


3.104 


3.102 


3.100 


3098 


3.096 


3.095 


3.093 


.6 


3.092 


3.091 


3.090 


3.090 


3.089 


3.089 


3.089 


3.090 


3.090 


3.091 


.7 


3.092 


3.093 


3.095 


3.097 


3.099 


3.102 


3.105 


3.109 


3.113 


3.117 


.8 


3.122 


3.127 


3.131 


3.137 


3.143 


3.150 


3.156 


3.164 


3.172 


3.181 


.9 


3.190 


3.200 


3.209 


3.221 


3.233 


3.247 


?.262 


3.280 


3.300 


3.325 
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Fig. 16. Curve of Discharge over the Schaghticoke Dam. 
Glancing at the table XVI it is observ^ that 



d 
^<0.15 



Q is not much affected by the condition of sub- 
mergence. Correction is made for velocity of 
approach. 

Formula of Bazin. 




"mmmmmmmm. 

Fig. 17. 



Q=:m 1.06-1-0.21 



?) V'-l.' 



LDV2gD 



where m is the coefficient that would be applied to the same weir if the 
discharge were free, and contains correction of approach. For heads from 
4 inches to 1 ft., f D V 

m = 0.425 + 0.21 (^^-^j. 

Weirs with Broad Crests. 
(2 = 2.64 LIT*. 

This formula, determined from experiments of the United States Geo- 
logical Survey, may be applied to broad-crested weirs of any width exceeding 
3 feet and heads exceeding 2 feet. The coefficient 2.64 represents 79.2 per 
cent of the discharge determined by the Francis formxda for thin-edged weirs. 
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Weir furyed in Plan. 

A dam may be curved, or there may be an abrupt angle in plan. For 
curved dams, it can be assumed that the discharge would be greater than 
for a straight spillway very nearly in proportion to the excess in length 
of the arc as compared with the length of the chord. 

If the dam makes an abrupt angle in plan, the discharge is computed 
by multiplying the quantity of flow which would be calculated by a normal 
dam of the same length, by the following coefficients^ 

a= 0^ 16<> 30^ 45^ 60^ 90® 
/= 0.80. 0.86 0.91 0.94 0.96 1.00 

where a is the value of the angle that the direction of flow makes with 
the dam, and / = coefficient of reduction. If the dam is parallel to flow, 
the angle a = 0^ and / = 0.80. For a dam V shaped* in plan, it may be 
considered as formed by two dams angular in plan, which is a sufficiently 
close method for practice. 



24. Graphic of the Francis Formula. 

The particular graph which we have here under consideration is based 
on the ingenious method of isoplethe points, developed by M. d'Ocagne. 
The principle that this mathematician has established is so elegant .and 
yet so simple, that an explanation of it will undoubtedly be appreciated, 
and at the same time prove the correctness of the graph of the Francis for- 
mula shown in figure 19, which has been developed by this mejbhod. 

Assume a system of rectangular coordinates, as shown in figure 18. 
Let AB and CD be two lines parallel to the F-axis and call their inter- 
ceptions with the axis of X a and 6, respectively. 

Assuming two points P and Q representing a variable whose ordinates 
are p and g, if such two points satisfy the relation 

(m, n and r remaining constant), the line P Q 
revolves about a fixed point i?, whose coor- 
dinates (a?, y) can be determined without 
difficulty. 

Effectively, R may be regarded as the 
point of appUcation of the resultant of two 
parallel forces whose moments are 

mp -\'nq = {m-\-n) y, 
ma -\-nh==(m-{-n) a:. 

If we solve these two 
equations with respect to x and y we find 

ma'\'nh 

(m-\-n) 




T 

Fig. 18. 
taking moments about OX and Y respectively 



z = 



(1) 



^ M. Levy-Salvador. Hydraulique Agricole. Paris. 
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and 



mp + nq ^ 
but mp-\-nq = r therefore y = 



Expressions (1) and (2), as is 
readily seen, are independent of 
p and q, and if r alone varies, 
m and n remain constant. 

Therefore J? is a fixed point 
in the first case, and iffthe other, 
a point moving so that its 
locus is a parallel to the given 
lines. We may conclude then, 
that if we plot on the lines -4 B, 
CD, Its, points whose ordinates 
will be proportional respec- 
tively to 

^' ^' (m ^ 

these values satisfying an equa- 
tion of the form 

mp-\-nq=^r, 

such points will be in a straight 
line. 

Let us now apply this prin- 
ciple in developing the graph of 
the Francis formula 

(2 = 3.33L^*. 

This expression may be trans- 
formed to the logarithmic equi- 
valent 

log(2=log3.33+logL+|log^ 

which is identical with the nor- 
mal form; as 

log(2 = r; 

logL = inp', 

2 log^ = ng, 

log. 3.33 is a constant, K. In 
this case, however, the gra- 
duation on the parallel lines 
will not be proportional to the 
variables, but to their loga- 
rithms. The work of plotting 



(m-\-n) 



(2) 




Fig. 19. Graph of Francis Formula Q == 3.334ijy* ^ 
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these is laid out as shown by figure 19. It is manifestly clear, that with 
the help of this graph two values of the Francis formula being known 
the other will be found readily and by a '^single stroke", a thing which 
cannot be reaUzed in most diagrams, or graphical representations of for- 
mulas. The rapidity and ease with which this diagram may be used 
will be better appreciated by its appUcation to a practical example: 
The depth of water above the crest of a dam, 1000 feet long, is 10 feet, 
what is the discharge? Join 1000 on A B with 10 on c D and find 
Q = 105,000 cu. ft. per second on E8. 

Solving in the ordinary way by the formula gives Q = 105,250 cu. ft. 
per second, thereby proving the accuracy of the diagram. 



25. Flow Formulas for Sluice Gates. 

Let dy= the height of an elementary layer of an orifice, 
L= the width of this elementary layer, 
y = the distance of the elementary layer to the water level, 
H^ = height of water level above upper edge of gate, 
H^ = height of water level above lower edge of gate, 
Q = the discharge per unit time. 
The theoretical discharge is expressed by 

V^gyLdy 

for the flow through any orifice. 

If the orifice or gate is rectangular, L is constant, and the integration 

However, this formula is pucely theoretical, and correction must be 
made for the influence of velocity of approach, and a contraction coeffi- 
cient must be considered to allow for diminished section of gate area as the 
water flows through. In a series of experiments conducted by Prof. Chatter- 
ton, of the CoDege of Engineers, Madras, India, experiments intended to 
determine the coefficients of discharges through the gates of some weirs 
on the Kistna River, it was foimd that these coefficients vary from 0.50 
to 0.90. 








wmmmmmm mmmmmmw/ w/M/////My/M//M 

Fig. 20. Fig. 21. Fig. 22. 

The discharge through sluice gates is influenced also by its position 
with reference to head and tail water. 

The foDowing formulae cover the three general cases: 

for free discharge, fig. 20: 



1) g = ||^LV2> [(H, + A)?-(H, + A)* 
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if partially submerged fig. 21: 

if completely submerged fig. 22: 
3) Q = fzLaV2'gVH;^h 
In these equations, H^ and H^ have the respective values shown in 

the figures, and h is the velocity head or A = -— - . 

2g 

The value of /i is taken as 0.60 if the edge of the gate is at some di- 
stance from the river bed; if the lower edge is at level of the bed 

^ = 0.65 to 0.70. 

For circular gates, formula (3) is used, observing that La becomes 
71 f ^, where r s= radius of the circular opening. 
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26. Hydraulic Mean Radius, Wetted Perimeter, Slope. 

The* hydraulic mean radius is be represented by the expression: 

or in other words, it is equal to the area of cross-section of canal or pipe, 
divided by that part of the perimeter of the cross-section that is under 
water {weked perimeter). The slope of a channel is its natural inclination 
which furnishes the necessary head to the water in order to overcome the 
friction; it is generally denoted by the ratio of the fall to the length of the 
channel, and represented by the expression 

In the project of a canal, it is not necessary to keep the same slope 
all through, but it is a good poUcy to vary it according to the structure 
and configuration of the soil. It is well, in general to increase the slope 
wherever possible, as this augments the velocity, and therefore reduces the 
area of cross-section. The result is economy in excavation and first cost, 
but it must not be overlooked, that the velocity so obtained has a certain 
limit for soils of different nature, unless these offer strong resistance, as is 
the case with rock, when high velocities may be accepted. If the general 
formula of flow 

v = GVBS 

be considered, it is observed that the velocity, and of course the discharge, 
is directly proportional to the square root of the hydraulic mean radius, 
and the same formula, expressed thus: 



'=(?)/ 



p (1) 



shows also that the discharge is inversely proportional to the square root 
of the wetted perimeter. It is well to note, however, that the position of 
the water surface, for which the mean velocity is maximum, does not cor- 
respond to the maximum of discharge. Considering expression (1) and 
differentiating gives: 

av = CV-s ''^^-j £^ (2) 
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The maximum of t; is found by equating (2) to zero, which gives: 

PdA — AdP = (3) 

Suppose a circular cross-section as per figure 23. 
It is found that: 

dA= - {I —C06a)da; 
dP = rda 




Fig. 23. 



and equation (3) becomes: a cos a — sina = 0; which is satisfied for 
a 1^ 258 <*• 



27. Maximum and Minimum Water Velocities for Canals. 

The velocity of the water running in a canal must be determined with 
due regard to the possibility of deposits being formed on the bottom, and 
be such, that the soil in which the canal is cut does not wstsh. If the water 
carries silt, the proper velocity is v = 0.7 ft. per second at least, and the 
silt will not be deposited; if the water carries sand the value of t; must be 
at least 1.40 ft. per second. Table XVII gives the velocities in feet, 
which must not be exceeded, in order to prevent the washing of the 
bottom of the canal or its embankment: 



Table XVn. 





Nature of canal bed 


Safe bottom 

velocity in feet 

per sec. 


1. 


Soft brown earth . . . 


0.249 
0.499 
1.000 
1.998 
2.999 
4.003 
4.988 
6.006 
10.009 


3. 
4. 
5 


Sand. . . . 
Gravel . . . 
Pebbles . . 




6. 

7. 
8. 
9. 


Broken stone, 
Conglomerate, 
Stratified slate 
Hard rook . 


flint . . 
soft slate 



Mean velocity 
I in feet per sec. 



0.328 
0.656 
1.312 
2.625 
3.938 
5.570 
6.564 
8.204 
13.127 



28. Distribution of Velocities. 

If water is flowing through a canal, its velocity is not the same at 
all points of the cross-section. The friction of the molecules against each 
other, and against the bed and banks, has the effect of reducing consider- 
ably the discharge capacity. In general, the velocity will be less at the 
bed and banks than at the middle, and also if the water is shallow. See fig. 24. 
In designing the cross-section of a canal for given discharge conditions, it is 
obvious that these different velocities cannot be considered, but an average 
velocity figure is established, by which is meant, such a velocity as multi- 
plied by the area of cross-section gives the discharge per second, all dimen- 
sions being in feet. 
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It is best, in determining the mean velocity of water for a channel, 
to be sure that the bottom velocity, corresponding to said average velocity, 

will not erode the soil. This may be obtained from 
Bazin's formula: 

Vj, = v—10,S1VE'8 ' 
_ . ^ . . ^ . in which 

> ^~^^^-^^~^^ ^ ^b = bottom velocity in feet per second, 

v= average velocity, 

B = hydrauhc radius, 

i8= sine of slope. 




Fig. 24. Dietribution of Ve- 
looities of Water in Canal of 
Rectangular Cross- section. 



Table XVIII has been estabUshed, from this formula, and will shorten 
the calculations. In general, Bazin's experiments on the flow of water 
through channels, have shown that the loss due to friction is proportional 
to the wetted area and to the mean velocity, that it depends on the nature 
of the bed and banks, but that it is independent of the pressure of the 
flowing water. 

29. Formulas for Canals. 

The old formulas in use giving the relation between the area of cross- 
section, the slope and velocity of water in canals, lead to inaccuracy 
because of the fact that, formerly, it was considered that the degree of 
roughness of the bed and slopes were constant in all cases. It was deter- 
mined later by Ganguillet and Kutter and also by Bazin, that the degree 
of roughness was highly variable, and this assumption led these investiga- 
tors to develop a coefficient to cover all losses due to this and other 
indeterminate factors. The fimdamental formula used in the design is: 

v=CVlt8 

and is otherwise known as the Chezy formula. In this: 

V = velocity of water in feet per second, 
C = coefficient covering losses due to the degree of roughness 

and other factors, 
B = hydrauhc radius, 
S = sine of slope. 

Bazin gives to the coefficient C the following values : 

C = — : _ - , for very even surfaces, fine plastered sides 

and beds, planed planks; 



C = 



C = 



C = 



Vo. 



0000046(10.16- 
1 

0000013^4.346 
1 



+i) 



00006 ^1.219 
1 



00036 fo.2438 






for cut-stone, brickwork, mortar, unplaned 
timber; 

for sUghtly uneven surfaces, such as rubble 
masonry ; 

for uneven surfaces, such as earth. 
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Bazin's coefficients give fair results for small channels of less than 
20 feet bed, but Kutter's formula is used to better advantage for a wide 
range of channels. The value of C according to Kutter is : 



1 



+( 



41.66- 



0.0028 1\ _n 



in which n is the coefficient of roughness, depending on the nature of the 
lining of the canal. The accuracy of the results obtained by the appli- 
cation of Kutter's coefficient is mainly dependent on the proper selection 
of the value of n; having this value, the value of C is readily determined 
from table XVIII for fixed values of B. 



Table XVIII. 

• 

Kxdter's Values of C in the formula v==CVB^ for different values of n. 



R 










Values of n. 










(feet) 


0.009 


.0.010 


0.011 


0.012 


0.013 


0.015 


0.017 


0.020 


0.025 


0.030 


0.1 


108 


94 


82 


73 


65 


53 


45 


35 


26 


20 


0.2 


129 


113 


100 


89 


80 


66 


56 


45 


34 


26 


0.3 


142 


124 


111 


99 


90 


75 


63 


52 


38 


30 


0.4 


150 


132 


118 


106 


96 


80 


69 


56 


42 


34 


0.5 


157 


139 


124 


111 


101 


85 


73 


60 


45 


36 


0.6 


162 


143 


128 


116 


105 


89 


76 


63 


48 


38 


0.7 


166 


147 


132 


119 


109 


92 


79 


65 


50 


40 


0.8 


170 


151 


135 


122 


112 


95 


82 


68 


52 


42 


0.9 


173 


154 


138 


125 


114 


97 


84 


70 


54 


43 


1.00 


175 


156 


140 


127 


116 


99 


86 


71 


55 


45 


1.20 


180 


160 


145 


131 


120 


103 


89 


74 


58 


47 


1.40 


184 


164 


148 


135 


i 124 


106 


92 


77 


60 


49 


1.60 


187 


167 


151 


137 


; 126 


108 


94 


79 


62 


51 


1.80 . 


189 


169 


153 


140 


1 129 


110 


97 


81 


64 


53 


2.00 


191 


172 


155 


142 


1 130 


112 


98 


83 


65 


54 


2.50 


196 


176 


160 


146 


i 135 


116 


102 


86 


69 


57 


3.00 


199 


179 


163 


149 


1 138 


119 


105 


89 


71 


59 


3.50 


202 


182 


166 


152 


1 140 


122 


107 


91 


73 


61 


4.00 


204 


184 


168 


154 


' 143 


124 


110 


93 


75 


63 


4.50 


206 


186 


170 


156 


144 


126 


111 


95 


77 


64 


5.00 


•208 


188 


172 


158 


: 146 


127 


113 


97 


78 


66 



30. Influence of Vegetation on Flow through Canals. 

As has been seen, there is no hydrostatic pressure in the case of water 
flowing through canals, the loss of head between determined stations is 
nothing but the difference of level between them, or simply the incli- 
nation of the channel, which by its own nature, furnishes the necessary 
head to overcome friction. The velocity being affected by the slope 
and the cross-section, this will also be the case with the discharge. There 
are, of course, several factors influencing the flow or the discharge ; either 
the character of the bed and slopes, or the alignment of the channel, its 
leakage, infiltration, etc. However, the prime factor that will influence the 
capacity of a channel is the amount of vegetation that will grow in it, vege- 
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tation consisting of aquatic plants, appearing after the channel has been 
some time in service, and which may affect the discharging capacity from 
one quarter to one fifth. Such plants when reaching up to the surface of 
the water have a preponderant influence upon the flow; they increase to 
no small extent the wetted perimeter, and the result is obvious. It is 
therefore required that much attention be given to the cleanliness of channels, 
but it is best also to increase by about one fifth the cross-section area at the 
time of establishing its dimensions. 



3L Values of n in Kutter^s Formula. 

The following table gives the values of n generally assumed for different 
materials. In practice, it is better to assume a higher value of n to provide 
for any futiure contingency, such 8ts grass growing in the canal, or possible 
deteri9rations in the bed on account of Httle care being given to its pre- 
servation: 

n = 0.009 Channel of weU planed timber; 

n= .010 „ „ neat cement or of smooth pipes; 

n= .012 „ „ unplaned timber or ordinary pipe; 

n=: .013 „ „ smooth ashlar masonry or brickwork; 

n= .015 „ „ ordinary brickwork; 

f*= .017 „ „ rubble masonry; 

n= .020 to 0.025 Channel in earth free from obstructions; 

n=: .080 Channel in earth, in bad order and regimen; 

n == .085 „ and rivers with earthen beds in bad order and regimen; 

n = .050 Torrents encumbered with detritus. 



32. Diagram of the Ganguillet and Kutter Formula. 

The diagram shown in fig. 25 is used for the graphical determination 
of C, n, iJ, S and v, in the general formula of Ganguillet and Kutter for 
the flow of water in rivers and other channels: 

v^=^CVR8 in enghsh measure. 

For any case within the limits of the diagram, C7, n, R and S are in 
a straight line drawn from the axis of abscissae through the axis of ordi- 
nates to the intersection of a slope curve and a line of roughness; viz: 

n in a radial line indicating the degree of roughness at the point 

cut by the slope curve in question. 
iS in a slope curve indicating the sine of slope, at the point cut 

by the line of roughness in question. ^ 
G in the axis of ordinates, by the scale of G thereon. 
R in the axis of abscissae, by the scale of R thereon. 

Thus, any one of the four values may be found, when the others are 
known, by means of a straight line drawn through the points indicating 
the three known values. 

To find Vy draw a straight line from i2, on the axis of abscissae, to the 
point on the axis of ordinates indicated by the sine of slope in question; then 
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Channels of Rectangular Cross-section. Channel Cross-section of Maximum Discharge. 47 

Irawja line parallel to the same from G on the axis or ordinates to the 
i^s of abscissae, v is indicated by the scale for same at the point where 
(his line cuts the axis of abscissae. 

To find 

mean velocity , ^ . 

r—.^- when C? IS given: 

max. surface velocity ^ 

a straight line uniting C^ with the point F indicates upon the axis of abscissae 

. the required ratio by the scale of v. In the foregoing: 

Area 

R = mean hydraulic radius = — —-3 — i — 

•^ wetted penmeter 

8 = sine of slope 

' n = degree of roughness of channel 

V = mean velocity in feet per second 

C = QA per paragraph 29. 



33. Calculation of Channels of Rectangular Cross-section. 

This is the simplest form of cross-section and easiest for calculation. 
The area is given by 

A = hh. 

The wetted perimeter by 

P = 64-2A. 

The hydraulic radius therefore is : 

! CShezy's formula being 

I v = CrRS or R = ^-^ 

and substituting gives: 

6 + 2A 
The discharge is then found by the expression: 

Q is a maximum when b = 2h; this value being found by making 



..a]/, 



:90<> in h- 



V 2 — < 



sine"^^> 



cos 6 



34 Calculation of a Channel Cross-section of Maximum Discharge. 
• Trapezoidal Form. 

Let h = depth of water, fig. 26, 
6= width of bottom; 
e= slope of embankment; 
A = area of channel cross-section. 

* See paragraph No. 34. 
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The maximum discharge occurs when 

1 / A sine , 
. ^°°V 2-co8e (^) 

and b = j-~h cotg © . V T y 

This may be demonstrated as follows: 1- * *i" 

The area is given by: ' Fig. 26. 

A = ~{b-^b'\-2hcotge) 

= h{b-\-hcotge) (2) 

The wetted perimeter is then 

P = 6 + -^ (3) 

' sm © ^ ' 

The hydrauhc radius is then found by: 

that is to say: 

^_ h(b~\-hcotge ) 

^ ~ o/h ^*^ 

' sm<9 
Considering the formula: 

or this one which is equivalent: 

Q==ACA/R8, 

it is observed that Q is directly proportional to the square root of iJ, and 

naturally inversely proportional to the wetted perimeter, as R= p. The 

maximum of Q corresponds then to a minimum of P. From (1) and (2) 
above, it is deduced: 

P = --~h cotg 6 + -^- - . 
h ^ ' sm © 

Differentiating and equating to zero: 

dP__.il . 2 — cose _ 
dh~ 'A« ' siiTe"" 

expression which, if solved for h, gives formula (1). 

Table XIX contains the most advantageous values of h for different 
angles 6, the area of the channel being equal to 1. The dimensions 
corresponding to an area A are found by multiplying the figures given 
in the table by VA. 
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e 


b 


h 


hcotge 


Width at top 
(b + 2hootge) 


Wetted 
perimeter P 


90 <^ 


1.414 


0.707 




1.414 


2.828 


60« 


0.877 


0.760 


0.439 


1.755 


2.732 


450 


0.613 


0.740 


0.740 


2.092 


2.704 


40 « 


0.525 


0.722 


0.860 


2.246- 


2.771 


36® 52' 


0.471 


0.707 


0.943 


2.357 


2.828 


36 « 


0.439 


0.697 


0.995 


2.430 


2.870 


30« 


0.336 


0.664 


1.150 


2.656 


3.012 


26«34' 


0.300 


0.636 


1.272 


2.844 


3.144 


Vg Circle 


— 


0.798 


— 


1.596 


2.507 



Problem. It is required to design a channel of the most economical 
trapezoidal form, to carry 1200 cu. ft, per second. 

The soil is of a flinty structure (Angle of repose O = 36®). 

The safe bottom velocity is 4.003 feet per second, as foimd in table, 
which corresponds to a mean velocity of 6.67 feet per second. 

The area of the channel cross-section is therefore: 



1200 
6.67 



= 216 sq. ft. 



Referring to table XIX it is seen that the wetted perimeter of most eco- 
nomical length is 

2.87 V216 = 42.1 ft. 
The dimensions of the cross-section are abo found in the same table 



b = 0.439 V2I6 = 6.46 ft. 
h = 0.697 V2I6 = 10.2 ft. 
t = 2.43 V2I6 = 36.7 ft. top width. 
The hydrauHc mean radius is therefore 

216 



42.1 



= 6.1. 



The necessary slope is finally determined by the formula 



v = GVB8 or 8 = 

Tor n = 0.026, iJ=6.1, 

The slope is therefore 



(PR' 
C = 79, (7« = 6241, 



S = 



6241 X 6.1 
which corresponds to a fall of 6 feet per mile. 



= 0.000982 



35. Flumes. Mechanical Aspects. 

Flumes are generally built in special cases of ground depression or loose 
soil, where excavation for a canal is difficult, if not impossible. They have 
the advantage over ordinary canals in that higher velocities may be used, 
thereby reducing at the same time the area of cross-section. ^ I 
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Flumes are preferably made of reinforced concrete if permanent struc- 
tures are desired. 

Wooden flumes have a comparatively short life. Usually built of 
Oregon pine, redwood or California fir, they are of the open type, carried 

on trestle-work or con- 
crete piers. 

In designing flumes 
and canals it must not 
be overlooked that 
their water carrying 
capacity is seriously 
diminished in case of 
an ice sheet forming 
on the water surface. 
The wetted perimeter 
is increased in such 
cases. According to 
Frizell the value of n 
may be taken at 0.024 
in Kutter's coefficient, 
the under surface of the ice being 
corrugated and irregular. 

Fig. 27 shows the details 
of a timber flume with 32 ft. 
spans and a flume of same 
material but of greater width 
is shown in fig. 28. The lat- 
ter was built by the Beaumont 
Irrigation Co. 



36. Reinforced Concrete 
Flume.^ 

The formulae given in the 
detailed design below are based 
upon a concrete with a com- 
pressive strength of 2000 
pounds per square inch and 
upon the use jof mechanical 
bond reinforcing bars which 
have an elastic Umit of 60,000 
pounds per square inch; the 
critical amount of reinforce- 
ment under these conditions 
being: 0.0086 6 d. 




Fig. 28. Details of the Beaumont Irrigation Co'b 
Canal, Tex. 



Ultimate strength: 

Let M = moment of resistance of section in inch lbs. 

ultimate moment of resistance of section in inch lbs. 



M^- 



^ From Bulletin No. 7. The Corrugated Bar Company. St. Louis, Mo. 
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q = area of reinforcement. 

p= percentage of steel. 

F = elastic limit of steel: 50,000 lbs. 

All dimensions as shown, in inches, and stresses in lbs. per sq. in. 
Then we have for rectangular beams (fig. 29) : 

lfo = 3706(P for g = 0.00855d (1) 

and for various percentages: 

Jfo = 0.86 J'p6d' = 0.86 X 60,000 xp6rf^ . .(2) 
Jf^ = 43,000 p 6 (i^ using high elastic limit corrugated bars. 

Working stresses: If it is desired to design for working 
stresses in the steel, use the formula: 

^•^- M = sqxO.S6d (3) 

where s = unit stress in the steel. 

Problem: Design a regular aqueduct, 4'-0" deep and 8'-0" wide; 
supported on bents at an elevation of twelve feet in the clear above grade. 
Depth of water: 3'- 6". 

We will make the section of the aqueduct 8ts 
shown in Fig. 30. 

The distance center to center of the supports will 
be 18'.0". 

Allowable soil pressure will be taken 8ts 3000 lbs. 
per sq. in. 

The stress in the reinforcing steel in the sides 
and bottom of the aqueduct will be Umited to 
14,000 lbs. per sq. in., in other parts of the structure 
to 18,000 lbs. per sq. in. 

Bottom slab: The bottom slab acts as a trans- 
verse beam between the side girders. The bending 
moment at the center will be less than that for a 
free beam, owing to the partial fixity of the ends. 
The minimum reverse moment at the ends is equal 
to the overturning moment due to the horizontal pressure of the water on 
the sides and for a strip 12" long = M^. 



WWII. gHL HM tT 



CokmmnT 
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Fig. 30. 



M. 



/3.5X62.5\^ , 3.6 ,,„^, ,^ 
f 2 j^'^^ 3 =^*7ft. lbs. 



M=- 



The maximum moment at the center of the span would be 

wl^ — M, 
8 • 
Assuming the weight of the slab to be 50 lbs, 

M, = 60 + [62.5 X 3.5] = 269 lbs. 
Jlf^=1706ft. lbs =20460 in. lbs. 

Using the formula 

M = sqxO.%Qd 

we determine q as follows : Assume d = 4" 

20460 - .- 

?==-5^T:.V^,^i?^ = 0.42 sq. m. 
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52 Canals. 

We will make the slab 6" thick and reinforce with */," corrugated 
rounds spaced 6^/3" on centers. The reverse moment at the comers is: 

M^ = 447 X 12 = 6364 in. lbs. 

5364 

The moment at these points may be greater than M^ owing to the 
stiffness of the sides, we will therefore increase the amomit of reinforcement 
as figured, and use ^\" corrugated rounds 3'-0" long spaced S^/^" cts in the 
top of slab. 

Sides: The sides act as vertical cantilevers fixed to the base, and also 
as girders between columns. The minimum thickness allowed will be 6", 
the section to have a flange at the top to give stiffness. The overturning 
moment at the base equals 

if^ = 6364 in. lbs. 

The vertical reinforcement in the inside face will be */g" corrugated 
rounds spaced 6^/3" on centers. The bent-up ends of the bars in the bottom 
of the slab carry the moment around the comer. 

Considered 8ts girder. The load per foot run on each side is: 

Water 3.5 x 62.5 X 4 = 875 lbs. 

Bottom Slab 50 X 4 = 200 „ 

Side 150 (0.6x 4.5) = 405 „ 

Total = 1480 lbs. 

The girders will be designed as continuous beams with the same amount 
of reinforcement over the supports as at the center of span. 

if =^^-w;r» = 1480X324 = 480.000 in. lbs. 

480.000 

Q = - — = 0.83 sq. m.' 

^ 0.86X48X14000 "^ "^ ^ 

Use 4 — ^/g" corrugated squares; bend two as shown in figure 32. 

Shearing provisions: The vertical shear at the end of the girder 
1480 X 9 =i= 13320 lbs. The average unit shear would be approximately 

^_^-=65 lbs. per sq. in. 

The conrcete itself should be capable of carrying 50 lbs. of vertical 
shear per sq. in. and on this assumption no special provisions to carrying 
shearing stresses need be made. The vertical bars in the sides will act as 
shear members, and in order to have some vertical steel in the outside face 
every third bar will be put in as a U-shaped stirrup. 

Temperature stresses. It is usually considered that 0.36 to 0.40 of one 
per cent of longitudinal reinforcement will take care of temperature and 
shrinkage stresses. We will use 0.36 of 1 %. 

The amount required in the bottom slab per foot width is: 

0.0035x12x5 = 0.21 sq. in. 

We will use ^/g" corrugated rounds 12" centers in top and bottom of 
the slab. The sides will be similarly reinforced. 
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Expansion joints. Every tenth bent will be a double one, and an e:span- 
sion joint consisting of a bent sheet lead plate made in the flume. 

Column design. The columns will be designed to resist the overturning 
moment due to a wind pressiu:e of 30 lbs. per sq. ft. on the sides of the 
aqueduct in addition to the vertical load. The vertical load on each column is 

18 X 1480 = 26640 lbs. 

The horizontal shear in each bent due t& the wind is 

18 X 4.7 X 30 = 2640 lbs = J? . 

In the analysis for stresses due to wind 
action, the two columns comprising a bent 
will be considered as fixed in direction (by 
the brace beam) at the top and practically 
free at the bottom. (Such fixity as is given 
by the bases of the columns will reduce the 
stresses computed on a free-end assumption). 

The forces acting on a bent, due to the 
wind load only, are shown in Figure 31. 
The horizontal shear in each column being 
taken as */, H. 

The value of F is found by taking the 
moments about the foot of one column. 



fhZ5^* 



-«•- 



tqr 



■^ 



Jj^ 



mr 



^\ 



M-nw' 



F = 



2540x14.6 



il I 



8.6 



4320 lbs. 



Fig. 31. 



The maximumn moment in a column wiD be in the plane a — a at the 
foot of the knee brace. 

Jf= 1270X13.25X12 = 202,000 in. lbs. 

The critical section in the brace beam is at the plane 6 — 6 ; taking 
moments about the center line of the beam at this plane we find the mo- 
ment to be 

Jtf = (1270X14.6) — (4320X1.26)= 13016 ft. lbs. 

= 166,180 in. lbs. 

The moment in the brace beam at the center line of the bent is zero, 
which may be shown by taking moments about the point 



if =1270X14.6 



2640X14.6 8.6 
8.6 ~ ^2^^ 



= 0. 



We will make the columns 12" x 12" and the brace beam 10" X 12^ 
in section and determine the amount of reinforcement required to resist 
the moments developed. The knee brace will of course have to be similarly 
reinforced. 

Column reinforcement: 

202,000 



?=; 



= 1.30 sq. in. 



0.86X10X18,000 

This amount of steel will be required in both the outside and inside 
faces. Column section, 12" x 12" with 4 — "/g" corrugated ^squares, one 
in each comer ^/^" dia. bands, 12" centers. 
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Brace beam retnforcemerU: 

^ 156,180 _ 

'""0.86X10X18,000 

Beam section 10" X 12" with 4 — */^" corrugated squares. 



= 1.01 sq. in. 
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The two bars in upper face to be bent down into the column as shown 
in figure 32. 

The reinforcement in the knee brace will be two */^" corrugated 
squares. 
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Note, If the columns were fixed in direction at the base as well as at 
the top a point of contra-flexure would have been developed at mid-height. 
The bending moments would have been reduced by one-half, the effect 
of fixing the base being equivalent to shortening the column by the 
distance from the base to the point of contra-flexure. 

Stresses in the column: 

Weight of structure and water per column . . ^^ 26,640 lbs. 

Weight of column =14x150 ^ 2,100 „ 

Compression due to wind* = 4,320 „ 

Total Maximum === 88,060 lbs. 

Average Pressure = . ., * i »> = ^^^ ^^^ P®' ®*1- ^^' 

The maximum unit compression that can occur in the column will be 
on the plane a — a, where we have a combination of direct compression 
with the maximum compressive stress due to the bending moment. With 
this low imit stress, it will not be necessary to investigate the maximum 
stress on the extreme fibre. 

Footings: The load on the footing is 33,060 lbs, requiring 11 square 
feet of bearing area at the allowed soil pressure. 

Make footings 3'- 4" x 3'- 4" x 15" deep, and reinforce with 4-\// 
corrugated rounds each way. 

Closed rectangular conduits working under head must of course be 
designed for the internal pressure in addition to the external loads. In 
the design no reliance should be placed on any possible restraining action 
due to the lateral pressure of the surrounding earth. For conducting 
water under pressure the circular type of conduit will be foimd prefer- 
able, except in special cases. 



37. Estimated Cost of Reinforced Concrfte Flume. 

A concrete flume has been built by the Arizona Power Company, and 
its operation has resulted very successful. It was found that the friction 
for this form of conduit was considerably lower than for a wooden conduit 
of the same size, made of dressed redwood and the value of n in the 
Kutter formula was close to 0.0012. 

The velocity of the water varies from 4 to 4.6 feet per second, the slope 
being 1 foot in 1,000. The quantity of water conveyed is 43 cu. ft. per sec. 
Considerable moss grows on the sides and bottom of the flume, and raises 
the water level from its normal depth of 24 in. to a depth of 34 in. The 
average cost of labor for constructing this flume, was divided as in table XX 
(next page) and corresponds to lengths of 100 feet. 

Expansion joints were provided at intervals of about 100 feet, and 
these consisted of 1 inch boards put across the structure until the flume 
on either side was set. A concrete batten with cement finish top under- 
neath the flume, a wooden batten composed of 2x12 planks on the out- 
side bolted through the 1 inch joint space, form a most effective cover 
for the expansion joint. 
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Table XX. 


Setting and moving forms 


. (14 


men ef 


Subforeman 


. .(1 


man 


Placing reinforcing metal . 


. .(3 


men 


Mixing concrete by hand . 


. .(8 


» 


Wheeling concrete material 


. .(2 


n 


Wheeling mixed concrete . 


. .(5 


n 


Shoveling into forms . . 


. .(3 


n 


Tamping 


. .(7 


n 



Finishing bottom (1 

Wetting for seasoning .... (1 

Foreman 

Timekeeper 



n 3) 
n 2) 
n 2) 
n 2) 
n 2) 
n 2) 
n 2) 
n 2) 
. 2) 



3.00 
6.00 

16.00 
4.00 

10.00 
6.00 

14.00 
2.00 
2.00 
6.00 
3.00 



Total $ 100.00 





Fig. 33. Standard Cross- 
Section of Tunnel for 
constant Velocity of 
Water. 



Fig. 34. Cross- section 
of the Great Western 

Power Co's Tunnel. 

Feather River, Cal. 



38. Tunnels. 

The oldest tunnels were mostly of rectangular cross-section, and were 
not always built with a view to economy. The most practical sections are egg- 
shaped, or a combination of tra- 
pezoids and segments of circle. 
If the water tjarries silt, and 
the tunnel is not under pres- 
sure, the best form of cross- 
section to be adopted is repre- 
sented by the fig. 33. As a 
matter of fact, when the level 
of the water is lowered, the 
wetted area is also diminished, 
leaving thereby a more or less 
constant velocity, which, ta- 
ken as a minimum to prevent 
the deposit of silt, is the most 
important factor in consideration. Of late many pressure tunnels have 
been constructed, where economy is justified. In order to reduce the losses 
due to friction, the tunnels are generally lined with concrete; experience 
has shown, however, that in all hard rock tunnels with arched roofs, the 
tendency of the rock is to break in the top centers, and the amount of 
concrete, that is put in place, is considerable. It is often found that a 
large amount of water finds its way into the tunnel, through the seams 
of the rock; this water usually flows imder pressure. 

The cross-section, fig. 34, shows the dimensions of the Great Western 
Power Company tunnel, which gives an approximate area of 250 square 
feet. This tunnel carries a quantity of water equal to about 2600 cubic 
feet per second at a velocity of IV I ^ feet per second on a grade of 1 in 3000. 
The lining was to be 12 inches thick, around the whole cross-section, 
permitting projections of 6 inches within this Une at isol^^ted points. It 
was observed, however, that the amount of lining actually averaged 21 inches. 
It is necessary to make provision for exterior water pressure, if this 
exceeds the internal pressure. For this purpose drains are imbedded in 
the concrete, consisting of sections of gas pipes, which are placed through 
the Uning for more or less each 100 square feet of area. 
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Care must also be taken to provide a drain by means of a pipe or 
other system. These drains are to leave the tmmel beneath protecting 
gratings. Sand traps are generally located at several places to receive 
the silt carried by the water. Fig. 35 shows a sand trap constructed 



rivJ^ •^fr--f -g^ -tfnf ifcrr 





Pig. 35 a. 

Pig. 35 c. 
Details of the Sand Trap in the Tunnel of the Glenwood Plant. Colo. 

in the tunnel of the Glenwood hydro-electric plant of the Central Colorado 
Power Co. At the point where this sand trap is located, the area of the 
tunnel cross-section has been doubled in order to reduce the velocity. A 
trough has been formed across the tunnel base, which leads through a 
valve to a ditch in the floor. 




Fig. 36. Overflow Arrangement for Non-Pressure Tunnel. Brusio Plant. Switzerland. 

On the down stream side of this trough a projecting slab is located 
in order to catch and hold all deposits of silt. 

In case of seepage water encountering a non-pressure tunnel, a device 
consisting of an overflow weir as illustrated in fig. 36 may be installed. 



39. Varied Flow. 

Th6 considerations hitherto mentioned relate to a uniform flow, that 
is to say, constant slope and uniform cross-section of channel. But if these 
conditions are not obtained, if the slope and cross-section are not of uniform 
nature, the flow will be varied, and calculations complicated to some 
extent. 
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The equation of varied flow is represented by 

V ^~v ' C P 



It is to be noted, however, that the above expression is only approximate, 
and may be applied with better advantage under the form: 







Fig. 37. 



in which: 

lyy^*yi= as per figure 37, 

Vj = mean velocity at j/^, 

^3 ^^^ >> >> >> y% f 

P= wetted perimeter, 
A = area of cross-section, 
f(v)= V in Kutter's formula, 
«= 1.10. 



The quantity of discharge Q, being given the longitudinal profile and 
several transversal cross-sections, is determined by the expression 



<2' = 



in which: 



a 
2? 



.A,^ 



1 

3? 



'ciii^.p. 

' 2 U/"^ 



XT 

A^^l 



A^ = area of cross-section at y^ 
A^ = area of cross-section at y^ 
Pj = wetted perimeter at y^ ^ 
Pg = wetted perimeter at y^ 
G = coefficient as given by Bazin (see formulas on page 44). 

The problem may also be given in the reversed order. For instance, 
being given Q, the longitudinal and several transverse profiles, and y^ 
for instance; y^ is easily found by the above expressioji. Evidently any 
number of points may have to be determined, but the total fall is obtained 
by successive computations as for y^ — j/^ ; y^ — y^\ y^ — y^ etc. 
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Chapter IV. Pressure Pipes. 

40. Flow of Water in Pipes. 

The flow of water through pipes is opposed by the frictional resistance 
of the shell. This resistance is sometimes considerable, making it neces- 
sary to consider the corresponding loss in pipe calculations. For practical 
purposes, the variation in velocity of the liquid filaments flowing through 
a pipe is ignored; the mean velocity only enters into the calculations, 
this mean velocity being that which multiplied by the cross-section area 
of the pipe, gives the actual discharge per unit of time. The resistance 
offered by the shell is independent of the pressure, varies directly as the 
length of the pipe line, and depends on the nature of the sheD. It increases 
also as the square of mean velocity increases, therefore it is necessary that 
the velocity be not too high, in order to restrict the friction loss within a 
certain limit. 

According to Thurso, the conditions making a low speed advisable 
are low head, large diameter of penstock, great length of penstock, many 
bends in penstocks, variable loads on turbines, regulation of turbine speed 
by changing the amounts of water used. 

Contrarily, in the case of high heads, it is permissible to use penstocks 
of small diameter, with few or no bends. In the latter case also, loads 
on the turbines must be steady, and their regulation must be taken care of. 

Table XXI. ^ 



Diam. of 


Speed of 


Diam. of 


Speed of 


Pressure Pipe 


water 


Pressure Pipe 


water 


ft. 


ft. per sec. 


ft. 


ft. per sec. 


4 


12.0 


9 


9.5 


5 


11.5 


10 


9.0 


6 


11.0 


11 


8.5 


7 


10.5 


12 


8.0 


8 


10.0 







Thurso has developed table XXI of high permissible speeds of water in 
pressure pipes of a length of 1000 feet or less; the bends being easy, and 
providing there are proper arrangements for the protection against water 
hammer. The principal losses in head of water flowing through pressure 
pipes are as follows: 

1) Velocity heady represented hy AB, fig. 38, is that part of the 
head needed to produce the velocity of water in the pipe. Its value is 
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2) Entry head. B (7, which represents a loss occurring at the entrance 
of the pipe, due to the change in cross-section area, and expressed by 



*=[^-\ 



v 

w 



in which C7 is a coefficient depending on the form of entrance. The values 

of G are as per table XXII. 

Table XXII. 




Form of 
entrance 

(Fig. 39) 



Fig. 38. 



a 
b 

C OT d 



Value of C 



0.72 

0.82 

0.93 to 0.98 



(i-O 



0,93 

0,49 

0.15 to 0.04 



Fig. B9. 



3) Friction head, which is the head necessary to overcome the friction 
in the pipe, and is represented by C D, 

4) Lo88 of head at bends. For bends of 90®, this loss is expressed by 

v^ r 

h = n-- the values of n being as per table XXIII, the expression ^ being 

the ratio of the radius of the pipe r, to the radius of curvature R. Besides 
these losses, there is a loss of head in valves, another in the change in speed 
of the water, and still another due to the water leaving the lower end 
of the pipe. The latter is equal to the velocity head', the other two 
are insignificant and can be neglected in the calculations. 

Table XXIII. 



V 

R 


n 


V 

R 


n 


V 

R 


n 


0.1 


0.13 


0.5 


0.29 


0.8 


0.98 


0.2 


0.14 


0.6 


0.44 


0.9 


1.41 


0.3 


0.16 


0.7 


0.66 


1.0 


1.98 


0.4 


0.21 











41. Formulas for calculating Pressure Pipes of Constant Diameter. 

Kutter's formula is generally used, and although complicated in form, 
may be employed with tables^ XXIV, XXV and XXVI. 

Chezy's formula: 
v = CVBS with C, the Kutter coefficient, in which v, B, S are as before, 
gives the values expressed as follows: 



^=y-|f' ^^^'s' ^- 



C^B' 



It will be noted that B, the hydraulic radius, is | of the radius of the pipe. 
The discharge capacity of a pipe may also be expressed as follows: 

Q = Av = ACVBS 
in which A is the area of cross-section of the pipe. 



^ Kent. Mechanical Engineers' Pocket Book. 
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Table XXIV. Values of the factor AC VB in the fortmda Q=-ACVBxV8 
corresponding to different values of the coefficient of roughness^ n, (Based 

on Kutter's formula). 



Diam. 






Value of 


ACyjR 






ft. in. 


n = .010 


n = .011 


n = .012 


n=.013 


n = .015 


n = .017 


6 


6.906 


6.0627 


5.3800 


4.8216 


3.9604 


3.329 


9 


21.25 


18.742 


16.708 


15.029 


12.421 


10.50 


1 


46.93 


41.487 


37.149 


33.497 


27.803 


23.60 


1 3 


86.05 


76.347 


68.44 


61.867 


51.600 


43.93 


1 6 


141.2 


125.60 


112.79 


102.14 


85.496 


72.99 


1 9 


214.1 


190.79 


171.66 


155.68 


130.58 


111.8 


2 


307.6 


274.50 


247.33 


224.63 


188.77 


164 


2 3 


421.9 


377.07 


340.10 


309.23 


260.47 


223.9 


2 6 


559.6 


500.78 


452.07 


411.27 


347.28 


299.3 


2 9 


722.4 


647.18 


584.90 


532.76 


451.23 


388.8 


3 


911.8 


817.50 


739.59 


674.09 


570.90 


493.3 


3 3 


1128.9 


1013.1 


917.41 


836.69 


709.56 


613.9 


3 6 


1374.7 


1234.4 


1118.6 


1021.1 


866.91 


750.8 


3 9 


1652.1 


1484.2 


1345.9 


1229.7 


1045 


906 


4 


1962.8 


1764.3 


1600.9 


1463.9 


1245.3 


1080.7 


4 6 


2682.1 


2413.3 


2193 


2007 


1711.4 


1487.3 


5 


3543 


3191.8 


2903.6 


2659 


2272.7 


1977 


5 6 


4557.8 


4111.9 


3742.7 


3429 


2934.8 


2557.2 


6 


5731.5 


5176.3 


4713.9 


4322 


3702.3 


3232.5 


6 6 


7075.2 


6394.9 


5825.9 


5339 


4588.3 


4010 


7 


8595.1 


7774.3 


7087 


6510 


5591.6 


4893 


7 6 


10296 


9318.3 


8501.8 


7814 


6717 


5884.2 


8 


12196 


11044 


10083 


9272 


7978.3 


6995.3 


8 6 


14298 


12954 


11832 


10889 


9377.9 


8226.3 


9 


16604 


15049 


13751 


12663 


10917 


9580.7 


9 6 


19118 


17338 


15847 


14597 , 


12594 


11061 


10 


21858 


19834 


18134 


16709 


14426 


12678 


10 6 


24823 


22534 


20612 


18996 


16412 


14434 


11 


28020 


25444 


23285 


21464 


18555 


16333 


11 6 


31482 


28593 


26179 


24139 


20879 


18395 


12 


35156 


31937 


29254 


26981 


23352 


20584 


12 6 


39104 


35529 


32558 


30041 


26012 


22938 


13 


43307 


39358 


36077 


33301 


28850 


25451 . 


13 6 


47751 


43412 


39802 


36752 


31860 


28117 


14 


52491 


47739 


43773 


40432 


35073 


30965 


14 6 


57496 


52308 


47969 


44322 


38454 


33975 


15 


62748 


57103 


52382 


48413 


42040 


37147 


16 


74191 


67557 


62008 


57343 


49823 


44073 


17 


86769 


79050 


72594 


67140 


58387 


51669 


18 


100617 


91711 


84247 


77932 


67839 


60067 


19 


115769 


105570 


96991 


89759 


78201 


69301 


20 


132133 


120570 


110905 


102559 


89423 


79259 



in which 



For pipes of short lengths, Weisbach gives the fonnula 

A= loss of head; 
Z = length of pipe, in feet; 
D = diameter of pipe, in feet; 
V = velocity of water, in feet per second. 
Wm. Cox deduces this formula, giving almost identical results as the 

^-D\ r200 ) 



Weisbach formula: 



in which A, Z, D, and v have the same meaning as before. 
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Table XXV. Table giving faU in feet per milej the distance on slope corresponding 
tq a fall of 1 ft, and also the values of sand Vs for v^e in the formula v=CyB8. 



Fall in 


Slope 


Sine of 




Fall in 


Slope 


Sine of 


- - — 


Feet per 


1 Foot 


Slope 


V^ 


Feet per 


1 Foot 


Slope 


Vs 


Mile. 


in 


8 




Mile. 


^ . 


8 


. 


0.26 


21120 


0.0000473 


0.006881 


17 


310.6 


0.0032197 


0.056742 


.30 


17600 


.0000568 


.007538 


18 


293.3 


.0034091 


.058388 


.40 


13200 


.0000758 


.008704 


19 


277.9 


.0035985 


.059988 


.50 


10560 


.0000947 


.009731 


20 


264 


.0037879 


.061546 


.60 


8800 


.0001136 


.010660 


22 


240 


.0041667 


.064549 


.702 


7520 


.0001330 


.011532 


24 


220 


.0045455 


.067419 


.805 


6560 


.0001524 


.012347 


26 


203.1 


.0049242 


.070173 


.904 


5840 


.0001712 


.013085 


28 


188.6 


.0053030 


.072822 


1 


5280 


.0001894 


.013762 


30 


176 


.0056318 


.075378 


1.25 


4224 


.0002367 


.015386 


35.2 


150 


.0066667 


.081650 


1.5 


3520 


.0002841 


.016854 


40 


132 


.0075758 


.087039 


1.75 


3017 


.0003314 


.018205 


44 


120 


.0083333 


.091287 


2 


2640 


.0003788 


.019463 


48 


110 


.0090909 


.095346 


2.25 


2347 


.0004261 


.020641 


52.8 


100 


.010 


.1 


2.5 


2112 


.0004735 


.021760 


60 


88 


.0113636 


.1066 


2.75 


1920 


.0005208 


.022822 


66 


80 


.0125 


.111803 


3 


1760 


.0005682 


.023837 


70.4 


75 • 


.0133333 


.115470 


3.25 


1625 


.0006154 


.024807 


80 


66 


.0151515 


.123091 


3.5 


1508 


.0006631 


.025751 


88 


60 


.0166667 


.1291 


3.75 


1408 


.0007102 


.026650 


96 


55 


.0181818 


.134839 


4 


1320 


.0007576 


.027524 


105.6 


50 


.02 


.141421 


5 


1056 


.0009470 


.030773 


120 


44 


.0227273 


.150756 


H 


880 


.0011364 


.03371 


132 


40 


.025 


.158114 


7 


754.3 


.0013257 


.036416 


160 


33 


.0303030 


.174077 


8 


660 


.0015152 


.038925 


220 


24 


.0416667 


.204124 


9 


586.6 


.0017044 


.041286 


264 


20 


.05 


.223607 


10 


528 


.0018939 


.043519 


330 


16 


.0625 


.25 


11 


443.6 


.0020833 


.045643 


440 


12 


.0833333 


.288675 


12 


440 


.0022727 


.047673 


528 


10 


.1 


.316228 


13 


406.1 


.0024621 


.04962 


660 


8 


.125 


.353553 


14 


377.1 


.0026515 


.051493 


880 


6 


.1666667 


.408248 


15 


352 


.0028409 


.0533 


1056 


5 


.2 


.447214 


16 


1 330 


.0030303 


.055048 


1320 


4 


.25 


.5 



S = y=8ine of angle of slope = fall of water-surface (h), in any distance (I) 
divided l^y that distance. 

A formula giving the relation of diameter of pipe to quantity discharged 
is Hagen's formula 

Q 



D=^C 



Vs 



in which (7 = 0.239; D and Q being in feet and cubic feet per second 
respectively. 

Vallot, a French engineer, makes D vary as the 0.375 power of the 
discharge and his formula is expressed as foUows: 



2) = 0.376 

which is equivalent to this other 

,Sf = 0.0054 



j9_ 

Vs 



V« 



It is noted from the different formulas exposed above, that the quan- 
tity of water discharged through a pipe depends on tte head, this being 
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Table XXVI. Values ofVB for circular pipeSy sewers and conduits of different 

diameters. 



Diam. 


V^ 


Diam. 


/^ 


Diam. 


y/B 


Diam. 


v^ 


ft. in. 


in feet 


ft. in. 


in feet 


ft. in. 


in feet 


ft. 


in. 


in feet 


«/. 


0.088 


2 


0.707 


4 6 


1.061 


9 




1.500 


V, 


.102 


2 1 


.722 


4 7 


1.070 


9 


3 


1.521 


'U 


.125 


2 2 


.736 


4 8 


1.080 


9 


6 


1.541 


1 


.144 


2 3 


.750 


4 9 


1.089 


9 


9 


1.561 


■ 1V4 


.161 


2 4 


.764 


4 10 


1.099 


10 




1.681 


1V« 


.177 


2 5 


JIT 


4 11 


1.109 


10 


3 


1.601 


• 1V4 


.191 


2 6 


.790 


5 


1.118 


10 


6 


1.620 


2 


.204 


2 7 


.804 


5 1 


1.127 


10 


9 


1.639 


2V« 


.228 


2 8 


.817 


5 2 


1.137 


11 




1.658 


3 


.251 


2 9 


.829 


5 S 


1.146 


11 


3 


1.677 


4 


.290 


2 10 


.842 


5 4 


1.155 


11 


6 


1.696 


5 


.323 


2 11 


.854 


5 5 


1.164 


11 


9 


1.714 


6 


.354 


3 


.866 


5 6 


1.173 


12 




1.732 


7 


.382 


3 1 


.878 


5 7 


1.181 


12 


3 


1.750^ 


8 


.408 


3 2 


.890 


5 8 


1.190 


12 


6 


1.768 


9 


.433 


3 3 


.901 


5 9 


1.199 


12 


9 


1.785 


10 


.456 


3 4 


.913 


5 10 


1.208 


13 




1.803 


11 


.479 


3 5 


.924 


5 11 


1.216 


13 


3 


1.820 


1 


.500 


3 6 


.935 


6 


1.225 


13 


6 


1.837 


1 1 


.520 


3 7 


.946 


6 3 


1.250 


14 




1.871 


1 2 


.540 


3 8 


.957 


6 6 


1.275 


14 


6 


1.904 


1 8 


.559 


3 9 


.968 


6 9 


1.299 


15 




1.936 


1 4 


.577 


3 10 


.979 


7 


1.323 


15 


6 


1.968 


1 5 


.595 


3 11 


.990 


7 3 


1.346 


16 




2. 


1 6 


.612 


4 


1. 


7 6 


1.369 


16 


6 


2.031 


1 7 


.629 


4 1 


1.010 


7 9 


1.392 


17 




2.061 


1 8 


.646 


4 2 


1.021 


8 


1.414 


17 


6 


2.091 


1 9 


.661 


4 3 


1.031 


8 3 


1.436 


18 




2.121 


1 10 


.677 


4 4 


1.041 


8 6 


1.458 


19 




2.180 


1 11 


.692 


4 5 


1.051 


8 9 


1.479 


20 




2.236 



the vertical distance between the level surface of still water in the head 
race and the surface of tail race water; it depends also upon the length of 
the pipe, and the character of its interior surface (Kutter formula); 
although it is perfectly independent of the position of the pipe, whether 
horizontal or inclined. 

At any point where the pipe line is located above the hydraulic grade 
line, the pressure is less than the atmospheric pressure, the result beiog 
a siphon-action, except when the elevation of the pipe above the hydraulic 
grade line does not exceed the height of the mercury column ,at the point 
under consideration multiplied by thq density of mercury: 13.68. 



42. Pressure Pipes of Variable Diameter. 

If the loss of head is assumed beforehand, it is more economical to 
make the pipe of variable diameter. 

The weight of a pipe may be represented by the following relations: 

W = f{H^D^), for a vertical pipe, 

W = f{- j, inclination of pipe being determined by angle a. 

W = f(2HlD'^) for a horizontal pipe of length L 
H, I and D are in feet, f means functions of. 
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het n be the number of sections into which H is divided, and call r the 
n^^ section/ When n is odd, r is a section the diameter of which would 
be equal to the diameter of a constant diameter pipe line^. The total 
weight of the line is determined by \ 

•^'=5("-mv);::=-'' 

in which W is determined as above. 

The coefficient of If is < 1 when n = 2, and the smaller it is, the 
more advantageous will be a pipe line of variable diameter. 

It can be assumed that 

W 1 

^ W 2n' 

0.96 being the value of /u when n=oo. 

The influence of a variable diameter pipe line upon the hydraulic 

gradient and the weight is shown in fig 40 a. 

Let ^0 be a pipe Une. The hy- 
drauhc grade line in case of a constant 
diameter, would be the straight line 
BOy and the weight would be repre- 
sented by the area of the triangle CXO, 
whereas for a pipe line of variable di- 
ameter, the hydraulic grade line will 
be the ciurve B DO , and the weight 




-Z,-*K — If 




I 



-2l 



T' 
H 






^ 



l- 



Fig. 40 a. 



Fig. 40 b. 



will be represented by the area CEOX, showing an economy corre- 
sponding to the cross-sectioned area CEO, Trautwine gives the follow- 
ing formula for calculating the discharge of a variable diameter pipe line: 
(fig. 40b) 



Q = 



■'N 



2gH 



4.F h 4_ ._l-iP A_ 



n. 



'D. 



in which J^'j,^,, . . . Fn are the corresponding values of the friction factor 
as determined by 



h = F 



h being the friction head. 



D2g 



^ E. Pacoret. La HouiUe Blanche. Paris. 
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Table XXVII. Circumferences and areas of circles. 







Areas 






Areas 






Areas 


Diam. 


Circumf. 


^i)« 


Diam. 


Circumf. 


.tD« 


Diam. 


Circumf. 


;rD« 


D 


jiD 


4 


D 


jiD 


4 


D 


-tD 


~4" 


1 


3.1416 


.7854 


51 


160.2212 


2042.821 


101 


317.3009 


8011.85 


2 


6.2832 


3.1416 


52 


163.3628 


2123.717 


102 


320.4425 


8171.28 


3 


9.4248 


7.0686 


53 


166.5044 


2206.183 


103 


323.5840 


8332.29 


4 


12.5664 


12.5664 


54 


169.6460 


2290.221 


104 


326.7256 


8494.87 


S 


15.7080 


19.6350 


55 


172.7876 


2375.829 


105 


32?i8672 


8659.01 


6 


18.8496 


28.2743 


56 


175.9292 


2463.009 


106 


333.0088 


8824.73 


7 


21.9912 


38.4845 


57 


179.0708 


2551.759 


107 


336.1504 


8992.02 


8 


25.1327 


50.2655 


58 


182.2124 


2642.079 


108 


339.2920 


9160.88 


9 


28.2743 


63.6173 


59 


185.3540 


2733.971 


109 


342.4336 


9331.32 


10 


31.4159 


78.5398 


60 


188.4956 


2829.433 


110 


345.5752 


9503.32 


11 


34.5575 


95.0332 


61 


191.6372 


2922.467 


111 


348.7168 


9676.89 


12 


37.6991 


113.097 


62 


194.7787 


3019.071 


112 


351.8584 


9852.03 


13 


40.8407 


132.732 


63 


197.9203 


3117.245 


113 


355.0000 


10028.75 


U 


43.9823 


153.938 


64 


201.0619 


3216.991 


114 


358.1416 


10207.03 


15 


47.1239 


176.715 


65 


204.2035 


3318.307 


115 


361.2832 


10386.89 


16 


50.2655 


201.062 


66 


207.3451 


3421.194 


116 


364.4247 


10568.32 


17 


53.4071 


226.980 


67 . 


210.4867 


3525.652 


117 


367.5663 


10751.32 


18 


56.5489 


254.469 


•68 


213.6283 


3631.681 


118 


370.7079 


10935.88 


19 


59.6903 


283.529 


69 


216.7699 


3739.281 


119 


373.8495 


11122.02 


20 


62.8318 


314.159 


70 


219.9115 


3848.451 


120 


376.9911 


11309.73 


21 


65.9734 


346.361 


71 


223.0531 


3959.192 


121 


380.1327 


11499.01 


22 


69.1150 


380.133 


72 


226.1947 


4071.504 


122 


383.2743 


11689.87 


23 


72.2566 


415.476 


73 


229.3363 


'4185.387 


123 


386.4159 


11882.29 


24 


75.3982 


452.389 


74 


232.4779 


4300.840 


124 


389.5575 


12076.28 


25 


78.5398 


490.874 


75 


235.6194 


4417.865 


125 


392.6991 


12271.85 


26 


81.6814 


530.929 


76 


238.7610 


4536.460 


126 


395.8407 


12468.98 


27 


84.8230 


572.555 


77 


241.9026 


4656.626 


127 


398.9823 


12667.69 


28 


87.9646 


615.752 


78 


245.0442 


4778.362 


128 


402.1239 


12867.96 


29 


91.1062 


660.520 


79 


248.1858 


4901.670 


129 


405.2655 


13069.81 


30 


94.2478 


706.858 


80 


251.3274 


5026.548 


130 


408.4070 


13273.23 


31 


97.3894 


754.768 


81 


254.4690 


5152.997 


131 


411.5486 


13478.22 


32 


100.5310 


804.248 


82 


257.6106 


5281.017 


132 


414.6902 


13684.78 


. 33 


103.6726 


855.299 


83 


260.7522 


5410.608 


133 


417.8318 


13892.91 


34 


106.8142 ' 


907.920 


84 


263.8938 


5541.769 


134 


420.9734 


14102.61 


35 


109.9557 


962.113 


85 


267.0354 


5674.502 


135 


424.1150 


14313.88 


36 


113.0973 


1017.876 


86 


270.1770 


5808.805 


136 


427.2566 


14526.72 


37 


116.2389 


1075.210 


87 


273.3186 


5944.679 


137 


430.3982 


14741.14 


38 


119.3805 


1134.115 


88 


276.4602 


6082.123 


138 


433.5398 


14957.12 


39 


122.5221 


1194.591 


89 


279.6017 


6221.139 


139 


436.6814 


15174.68 


40 


125.6637 


1256.637 


90 


282.7433 


6361.725 


140 


439.8230 


15393.80 


41 


128.8053 


1320.254 


91 


285.8849 


6503.882 


141 


442.9646 


15614.50 


42 


131.9469 


1385.442 


92 


289.0265 


6647.610 


142- 


446.1062 


15826.77 


43 


135.0885 


1452.201 


93 


292.1681 


6792.909 


143 


449.2477 


16060.61 


44 


138.2301 


1520.531 


94 


295.3097 


6939.778 


144 


452.3893 


16286.02 


45 


141.3717 


1590.431 


95 


298.4513 


7088.218 


145 


455.5309 


16513. 


46 


144.5133 


1661.903 


96 


301.5929 


7238.229 


146 


458.6725 


16741.55 


47 


147.6549 


1734.945 


97 


304.7345 


7389.811 


147 


461.8141 


16971.67 


48 


150.7964 


1809.557 


98 


307.8761 


7542.964 


148 


464.9557 


17203.36 


49 


153.9380 


1885.741 


99 


311.0177 


7697.687 


149 


468.0973 


17436.62 


50 


157.0796 


1963.495 


100 


314.1593 


7853.982 


150 


471.2389 


17671.46 



MvlUr, Hydroelectrical Engineering. 
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66 Pressure Pipes. 

43. Penstock Diagram. 

For problems dealing with penstocks of larger sizes, the Kutter formula 
is much used and the required relations of its factors are found by the tables. 
However, in the preUminary estimates of work relating to hydraulic 
engineering, such as the calculations of penstocks, a hair splitting accuracy 
is not imperative. As the complicated character of the Kutter formula is 
not adaptable theoretically to the diagram which has been developed, it 
has been found necessary to resort to a formula much used in Europe. 
The problem is to tie together in a regular network the relations that deter- 
mine the size 6f a penstock, and such other useful factors as are likely to 
be demanded. The theoretical basis of the diagram was developed by Com. 
L. Bertrand, and is nothing but an appUcation and perfection of the method 
of isoplethe points devised by Prof. M. d*Ocagne. A short analysis will 
first be made of this interesting principle, so that a clear understanding 
will exist as to the mathematical accuracy of the penstock diagram sub- 
sequently developed. 

Consider an equation 

where Z is a function of the n variables y^, y^ ... , y^ and where a^, a^, 
a^ are constants. 

If in a system of co-ordinates we draw parallel ordinates taken arbitra- 
rily, whose abscissae are x^, x^, . . , x^ and the lengths of which are 
proportional to y^ , y^ • • • ^n ^^® second member of the above equation 
represents the sum of the moments of parallel forces a^ , a^ , . . . a^ with 
respect to the axis of the abscissae and applied at the extremities of the 
lengths y,, y.i . . . y„. 

The co-ordinates of X and Y of the point of application of the resultant 
force will be: 

Z 

X depends only on a and x, which are invarip,bles, being constant 
by hypothesis, and x taken arbitrarily. The point of appUcation of the 
resultant is, therefore, always on the same ordinate whose abscissa is deter- 
mined. It is possible, then, by obtaining this point of application and mea- 
^suring its ordinate with a determined scale, to find the value of Z. The 
geometrical determination of this point of application is similar* to the 
fixation of the point of application of two parallel forces. The resul- 
tants (1, 2) of the two first (1) and (2) combined with the third force (3) 
gives the resultant (1, 2, 3) of the system of these three forces. 

The resultant (1, 2, 3) combined with (4) will give the resultant 
(1, 2, 3, 4) of the system of four forces, and so on. It is possible to operate 
in any order; (2) and (3) combined will give (2, 3) and with (4) will give 
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(2, 3, 4) and this one combined with (1) will give the same resultant 
(1, 2, 3, 4) and the same point of application. 
Let us take an equation of the form 

On the line A fi, figure 41, take arbitrarily the points ar^, x^, then 
determine the point corresponding to the abscissa X, which divides the 
distance x^y x^ in two parts inversely proportional to a^ and a^. Then 
draw the ordinate lines of these three points. If on the ordinate Unes of 
x^ and x^ we plot lengths y^ andy^* ^^^ ^^ w® J^"^ ^^^ extremities (1) and 
(2) of these ordinates by a line, the point (1, 2) where this line cuts the 
ordinate of a;^, 2 will be a point of application of the resultant of two parallel 
forces apphed at (1) and (2) and the value of z will be measured by the 




^1 ^72 

Fig. 41. Fig. 42. 

length of the ordinate (1, 2) to a determined scale. Therefore, if the three 
ordinates are graduated to convenient scales, it will be possible by the line 
(1, 2) to have the value of 

by a single reading, no matter what be the values of the variables y^ and 
y^. By the same method, Fig. 42, it is possible to calculate the value of 
the function 

Z(i,2,3) = a^y,^a.,y^-^a^y^ 

and also the three partial combinations: 

-2(2,8) =a,y2+«8y« 

ZiU3)=a^y,+a^y^ 

Z(i.2)=ai!/i +«.,!/,. 
It is seen that a diagram can be constructed composed of parallel Unes, 
at the rate of one line for each variable Y, which will give not only the 
value of these n variables in 

Z = a,y,-\-a,,y^+ . . .+a„y„ 
but also any one of the linear functions of. the same form into which this 
equation can be decomposed, regardless of the number of terms and their 
position. 

A function of the form 

V = u^^^ X u^^* X ... X u^^'* 
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whose second nember is a monomial form may be transfonned in its equi- 
valent, which is: 

log v = m^ log u^+rn^ log ^^.j + • • • +^n 1^8 ^n • 
In this case, to find graphically the. values as explained above, it is 
necessary to graduate the ordinates in proportion to the logarithms of the 
variables. The whole principle is ingenious and simple as we shall show by 
developing a formula and a diagram for calculating penstocks. 
The Vallot formula which is 

in metric measure, may be transformed to 



Z) = 0.324 



D = 0.376 



3 



j9 

in engUsh measures, and is for penstocks that have been some time in 
service. 

Results obtained with this formula are in close accord with those of 
observation, especially for pipes of large diameter. In fact, experiments made 
with steel pipes having diameters ranging from 68 inches to 90 inches have 
shown the superiority of this formula over any other, so far as pipes lined 
with deposits are concerned. 

It is seen that this formula is adaptable to logarithmic transformation 
giving any one of the threie quantities D, Q, S in terms of the two others. 
Further we can find other quantities which depend on these, and determine 
them in the same graphical way. 

Discharge Q is related to velocity v and diameter D, as shown by the 
equation 

4 Q = nD'^v. 

The total length of pipe line and fall per mile in feet are related to the 
slope by the expression 

h = lS. 

Power in fimction of head and discharge at 80 per cent efficiency of 
wheels are given by 

11 * 

Thickness of shell of pipe, if 12,600 lbs per square inch* is taken as 
safe tensile stress and a riveted joint of 75 per cent efficiency is considered, is 
given by the relation 

3600 

D in this expression is in feet. 

The logarithmic transformation of the flow formula is: 

log D- log 0.376 = |log Q-^^logS 

and the other transformations are made similarly. 

The diagram constructed after the method we have described above 
is given in fig. 43 and contains 8 parallel lines which are graduated loga- 
rithmically. It will be noted that on each one of these lines, the same con- 
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stant distance, limited by two heavy lines, separates two numbers, one of 
which is ten times greater than the other, so that it corresponds to the order 
of decimals, units, tens, hundreds, etc., shown on the figure. As to the 
numbers themselves, they are read as on the slide rule. 




flotv 
Cub ^ per S^ 



Horse 
PcM^r 



Diam. Pipe Thickness Head 
/nchea Inches Fmt 



«Wn 



W-j 
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8 

7 

6 
6 
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80 
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8 
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6 



-2 
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-s 
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8 
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30 

HO 
-^50 
)r$0 
VtO 
V80 
V90 
^-900 



—too 



Fig. 43. The Penstock Diagram. 
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70 Pressure Pipes. 

It may now be deduced from what has been shown that, on the same 
straight transversal line, the diagram gives the following groups of quan- 
tities : 

First: Flow Q, diameter D, slope S, velocity v. 

Second: Diameter D, head H, horse power. 

Third: Total loss of head A, slope S, length I. 

Fourth: Head H, diameter Z), thickness of metal t. 

It should be noted that H has two scales, the one on the right to be 
used with S and l, and the one on left with t and horse power. 

Let us solve a specified problem: 

It is proposed to carry 650 cu. ft. of water per second a distance of 
3 miles with a loss of head of 3 feet, using a riveted steel pipe, having a joint 
efficiency of 76 per cent, Find all elements concerned. 

The slope S is first found to he S = 0.000189. 

Join 0.000 189 on S with 660 on Q finding.!) = 168 in.; v= 3.6 ft. 
per second. 

If this water was flowing under a pressure head of 160 feet, the thick- 
ness of metal would be found to be ^ = 0.6 = ^ in. by joining 150 on ^ 
with 168 on D. 

If the water is used for power purposes and must run through wheels 
having an efficiency of 80 per cent, a line through 147 the effective head, 
and 660 on Q gives 7300 actual horse power on the scale. 

As an example of comparison, if it is desired to solve the first part of 
the problem by the Kutter formula,we find with 

71 = 0.0135 , 

and by means of the tables XXIV, XXV, XXVI: 
for a pipe 12.6 ft. in diameter, trial size, 

^GVJB = 30,041 
and for a fall of 1 ft. per mile 

V£f = 0.013762. 
Therefore, 

Q = 0.013762 X 30,041 = 412 
« 
cubic feet per second, which is too small a flow; we next try a 14 ft. pipe, 

finding 

^CV/i? = 40,432 

with S as above; Qi=^ 556 , which is good. Therefore 168 inches given by 
the diagram justifies the use of the formula on which it is based. 

Because of the projecting rivet heads and lap edges, Mr. Kuichling 
states that riveted pipe must have a diameter about 8 per cent greater 
than cast iron pipe for the same discharge. 

The upper part of the diagram shows the combinations that can be 
made to solve any case. 

In using this diagram, and to prevent its deterioration by the drawing 
of lines it is recommended to use a sheet of tracing cloth on which a line 
has been previously drawn. 
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44. Diagrams for computing Thickness of Steel Pipe Shells 
for different Joint Efficiencies. 

The task of determining the thickness of steel pipe shells for any in- 
dividual case under specified conditions is relatively easy, but when the 
engineer has to make careful investigations and design his pipes most 
economically with regard to hydrostatic pressure, the work becomes te- 
dious, and demands much time for computing and checking. The value 
of the accompanying diagrams, which give immediately the thickness of 
shells for most cases encountered in practice, will no doubt, be recognized 
by hydraulic engineers and those on whom devolve the task of design- 
ing either ordinary riveted steel pipes, surge tanks for hydroelectric plants, 
or tanks for water storage. 




■ ■ . . t-l i J J L I -T ITi 

Fig. 44. 



Fig. 44 has been developed so as to cover most cases liable to present 
themselves in water-power devlopments, under heads as high as 1600 ft. 

Fig. 45 is particularly intended to be useful to designers of water towers, 
and with its help they will be able to determine the requirements for most 
cases. 

The diagrams are based on the following assumptions: 

Tensile strength of plate 50.000 lbs per sq. in. of section, factor of 
safety 4., 

Percentage efficiency of riveted joints^): 



* From a discussion on the theory and practice of riveting, contained in an 
address delivered to students of Cornell College by Mr. J. M. Allen, Pres. Hartford Steam 
^ Boiler & Insurance Co. 
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Single riveted joint 56 

Double „ „ .69 

Triple „ „ 75 

Double-welded „ 87 

Quadruple-riveted „ 95 

To find the thickness of shell of a steel riveted pipe for head and dia- 
meter, join the origin with given head on A B and follow this line until 
it intersects the vertical line passing through the given diameter. At thi^ 
point draw a parallel to -4 meeting A B , join again this point of inter- 
section with the origin , continue to assumed efficiency line. At this point 
a parallel to -4 shows required thickness on scale. 

If the problem is reversed, that is, to find safe head for a case in which 
diameter of pipe, thickness of shell and efficiency of riveted joint are given ; 
through given thickness on scale draw a parallel to -4, meeting efficiency 
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Fig. 45. 

Une, joint the point of intersection with origin. Where this Une cuts the 
A B axis, draw again a parallel to -4 until this meets a perpendicular line 
through the given diameter. Join this intersection with the origin and 
continue until it meets the A B axis, where allowable head is found. 



45. Economical Diameter of Pressure Pipes. 

In the following discussion let: 
D = diameter of pipe in feet, 
H = pressure head in feet, 

e = riveted joint efficiency, 

d = safe tensile strength of metal per sq. in., 

t = thickness of shell, 
W = weight in lbs. per lineal ft. of pipe. 
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I = length of pipe line in feet, 
P = generated power, 

a =^ cost per horse power year at the station terminals, 
K = annual income, 
K' = annual net profit, 

F = fixed charges for the whole installation, 
F' = interest and depreciation of pressure pipe 

c = cost of steel per lb., 

p= % depreciation and interest, 

Q = quantity of water in cu. ft. per sec, 

h = loss of head, 

€ = efficiency of plant, 

S = slope of pipe Une = ^ - 

H D 
The thickness of pipe shell is determined by : ^ = 2.6 -, . 

'^ ed 

If e = 0.75 and ^=12500, t = ^S^. 

3600 

The weight of a steel plate 12x 12 and thickness t, weight of steel 
being taken as 490 lbs. per cu. ft. is w^= ^It lbs. 

As the thickness increases in proportion to the head, and for the same 
head increases in proportion to the diameter, the average weight of one 
lineal ft. of pipe line is defined by W= ^ItXnD or in function of the 
pressure head by W = 0.036 HD^. 

If the weight of rivets, etc., is considered, 15% may be added and the 
expression becomes W = 0.042 H D^. 

The total weight of the pipe line is denoted by 

W'= 0.0^21 HD\ 

The annual income from sale of generated power is: 

^ = aP. 

The interest and depreciation of pressure pipe has for value 

J^' = 0.042 ^cp^Z>^ 

The annual expenses are represented by 

F-\-F'^F^ 0.042 IcpHD^ 

The annual profits are given by the expression 

K' = a P— (F^ 0.0^2 IcpHD^) (1) 

Power is denoted by 



For E = 0.80 



P=ei^_r.») ........... ,2) 



The Vallot formula for calculating pipes is: 

Q 



D = 0.376 



VS 
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which- is equivalent to this other 

3 



.-f 



S = 0.0054 



0.376 V<y1 






but jg = ; therefore by substitution: 



A =-0.0054^,: 



Placing this value of h in (2) 

Q 



D' 



P = 



11 



H — 0.0054 



QH 
The loss of income due to loss of head is: 



J!"' =0.0005 - 



The annual net income will be 
QaH 



DV 



K 



11 



F — 



r + 0.0005 






(3) 



K will be a maximum when the third term of the second member is 
a minimum. 

In order to simpUfy the calculations, let 

u = 0.0^2 IcpH. 

t; = 0.0005 Q»aZ. 

By substitution, the third member of (3) becomes: 



Differentiating and equating to zero: 
dD 2DV 



Whence 



3ttZ>V^8t;-=0; and D 



L3u 



(4) 



Substituting the values of u and v, and reducing, the final expression 
for D is found to be 



D-- 0.625 



[.Hep] 



(5) 



which is easily calculated by logarithms. 
Example: Let 

Q = 165 cubic feet per second, 
H = 1400 feet, 
a = 40 dollars, 

2>=0.10 (0.05 interest and 0.05 depreciation), 
c = 0.05 dollar. 
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Substituting in formula (5) 
!>-= 0.625 



165^X40 



1400x0.10x0.05 



A 

= 6.4 feet. 



The value of D so found corresponds to a maximum economy. In any 
case, it will be of value to first determine the diameter by this method, and 
then make such slight changes as local conditions will demand. 

It will also be interesting to note that the figures applied in the above 
example are more or less the conditions that prevail at the Necaxa plant 
in Mexico, and the pressure pipes thereof are 6 feet in diameter. 



46. Defornfation of Pressure Pipes. 

The hypothesis which always serves as a basis for the calculations to 
determine the thickness of steel pipe shells, the equality of pressure at all 
points of a transverse section of the pipe, is not sufficient in the design 
of penstocks of considerable proportions, and is strictly correct only in 
the case of a vertical pipe or one of small diameter. 

The exact computations of pressures at every point of the shell, due 
to the weight of the water and the method of support of the pipe, offers 
much more complication. Steel pipes of circular cross-section, laid on the 
soil or on plane foundations, sustain elastic deformations which must be 
considered in the determination of shell thickness and reinforcement. 
A section primarily circular, takes an elliptical shape on account of the 
action of deforming forces, such as the weight of the shell considered 
by itself and the weight of water contained within. 

The bending which results in these cases causes an additional and 
important stress, which is most evident in penstocks where the thickness 
of the shell is quite small in comparison with the diameter of the pipe. 
It has been found by analyzing a few examples corresponding to cases 
found in actual practice, that such stresses may be tenfold those produced 
solely by the pressiu^ of water. Mr. Emil Kuichling has observed that 
empty steel pipes 3 to 6 ft. in diameter ^ to | in. thick, with 6 to 8 ft. 
of well compacted back fill, may show as much as 10% reduction in the 
vertical diameter, and states that ordinarily a depth of backfill of 5 to 
6 ft. will produce stresses approaching the elastic limit. 

The metal must therefore find itself subject to stresses that far exceed 
safe working amounts. Messrs. C. Birault and Forscheimer, in their studies 
of this subject, have considered independently the action of the weight 
of the shell alone and the action of the water contained within it. 

They have demonstrated that at any point of the plate the elastic de- 
formations due of the weight of the plate proper and the weight of the 
water are proportional. 

Therefore, to ascertain the action of either force, it is necessary to 
multiply the results obtained with the other by a constant coefficient. 
The formula of M. Birault giving the bending moment at any point of the 
shell is, in case of a pipe lying on the bare soil 
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M = bending moment at any point, 

Y/ = weight of shell per foot length along the circumference, 

r = radius of the pipe, 

(x= angle AOB between the radius vector OB and radius 
through the origin O A, fig. 46. 

The bending moment at G is given by the expression 

1 



m 



--— : TFr-. 



For a = , it is found that 



TFr^=^3m. 




Fig. 46. 



Fig. 47. 



It is concluded then, that the bending moment at A is three times 
that at G and both being negative, the pipe is flattened at these places. 
To find the value of a which correspond to the maximum and minimum 
moments, the first differential of the second member of expression (1) is 
equated to zero and is solved for a, i. e. 

tan a~~n~ a . 

In one case a = Ji (upper section C), in the other a ^^ 74® 46' (sec- 
tion ESy 

The value of the maximum moment at S fig. 47, is equal to 

+ 0.641 TFr^ 

which being positive is inflated at this point. If the second member of 
(1) is equated to zero, the value for which the moments are zero will be 
found to be in one case: 

a=33Mr (PD) 

in the other a= 129o 23' (fiB) 

Plotting these and intermediate values as coordinates on the radii pas- 
sing through these points, and scaling them off, starting from the circum- 
ference, due regard being paid to the sign, a curve shown in fig. 47 is 
obtained. 

In the case of a pipe containing water, this water not being under pres- 
sure, the formula giving the bending moments due to the weight of the 
"water only, is: j^^ ^ 



={n — a) sin a 



COS a 



1 



(2) 
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It will be observed that the seoond member of this formula is equal, 
or rather identical, to the second member of expression (1). It is con- 
cluded, therefore, that the bending moments, and also the deformations, due 
to the Weight of the shell and the water contained in the pipe, are truly 
proportional, and that the two effects can be combined. 

If the water in the pipe is under pressure, this pressure is exerted nor- 
mally on all elements of the shell, and along the circumference. In this 
case, the strains due to normal tensions alone need be considere d, as the 
bending moments are equal to zero for any particular point. 

The remedy for the deformations, pointed out above, is to reinforce 
the shell by means of circular bands or angles, the dimensions of which 
may easily be computed, after having determined the bending moment 
for any particular case imder consideration. In all cases, it is more econo- 
mical to adopt such rings, than to increase the thickness of the shell. That 
it is of the utmost importance to consider this subject in the design of steel 
pipes, is shown by the fact that the action due to weight of the water 
varies as the cube of the radius. The bending increases at a high rate 
with the increase of diameter, and the means of support, piers or other foun- 
dations, must be studied with care. It has been estimated by M. A. Bouchayer, 
that the flattening of a pipe attains its maximum before the pipe is full. 

The above discussion, as has noted, covers the conditions of pipes 
la}dng on the bare soil. If, however, the pipe is buried under ground, the 
stresses due to the surrounding fill increase the complications of calculation, 
and can only be determined approximately. The factors that affect the 
pressure due to the fill, are several: the thoroughness of the tamping, the 
method of filling, and degree of humidity of the material. 

If a pipe is buried under ground, the following conditions may develop : 
Case No. 1: Concentrated loads at opposite points, 
Case No. 2: Uniform loads in opposite directions, 
Case No. 3: The pipe, either for case 1 or case 2, may be under 
pressure." 

Case No, i. Concentrated loads at opposite points, fig. 48. 
CalUng : 

W = Concentrated load on unit length of pipe, 
M^ = Bending moment at a, 
Mj^ = Bending moment at 6, 
J!f ^ = Bending moment at any point p, 
<p = angle between the radius vector through the point p, and 

radius through the origin, 
c = point of zero moment, 
O = angle between radius vector through c, and radius through 

the origin, 
c = unit compressive stress due to total thrust, c, being con- 
sidered as uniformly distributed over the section, 
t = thickness of the shell. 



Then the bending moment at any point is given by 

— cos q)) , 
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The bending moment at a 



M„ 



W, 



' (0.6366 - 1) = — 0.1817 W^ 



(4) 



The bending moment at 6 



M, 



(0.6366 — 0)=- + 0.3 183 TF^ (5) 



(For a full discussion of this subject, see Bulletin No. 22 of the Uni- 
versity of Illinois. Tests of Cast Iron and Reinforced Concrete Culvert Pipe. 
A. N. Talbot.) 

It will be noted, that it is necessary to consider t|ie compressive stresses 
in the shell due to direct thrust, in conjimction with the stresses due to the 
bending moment. 

In fig. 48 the thrust at a 
due to the concentrated load 

W 

PTis and acts in a vertical 

direction; the thrust at h is 
zero. The vertical component 
of the direct thrust at any 

W 

point p is and it is deduced 

that yj 

C = cos (p 





Fig. 49. 



from which 



W 



(6) 



Case 2: Uniform loads in opposite directions, fig. 49. 

All symbols as for case 1, o) = load per unit width of projection for 
unit length of pipe. 

The bending moment at any point p is obtained by taking moments 
at p, whereby 



But it is known that 
It is found therefore: 



sin^ (p — M^ =^ M^ 



2 ^^®'^ 



if. 



■H 



(or^ 



•(7) 

.(8) 
.(9) 



If it be required to find the point for which the moment is zero, M^ 
must be equated to zero in equation (7) 



if,=o = af, 



(or" 



- COS'' 9?=^- 0) r^ 

^ 4 



(or- 



cos^ 99 . 



From which is deduced 

cos -99=^ 



or ^—450. 
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The bending moment at any point p may also be calculated in func- 
tion of the vertical and horizontal components of the acting forces at that 
point, from the following relation: 



lf,= (l-^*).(if,-7%osv) (10) 



in which co^ = Intensity of the vertical forces 

a>^ = Intensity of the horizontal forces. 

In this last equation, it will be noted that the bending moment at any 
point is zero, if the components have the same value. 

In fig. 49, the direct thrust at a is cor, and the direct thrust at h is zero. 

At any point p the vertical component of the direct thrust is 

a> r cos q) 
and the tangential thrust is 

C =^ o) r cos^ q) 

wheref rom co r „ , , , , 

c= coBrq) : (11) 

Therefore, to determine the thrust when the pipe is subjected to both 
horizontal and vertical loads, uniformly distributed over the projections 
of the pipe, formula (11) must to be used. 

Case 3, The pipe is under pressure. 

Make all calculations for concentrated loads at opposite points, or for 
imiform loads in opposite directions, as the case may be, and separately 
compute the stresses due to pressure, finally combining the two effects, 
with due regard to the directions of the acting forces. 

47, Specifications for Steel Pipes, 

Material to be medium steel. Quality of steel and workmanship of 
same to be according to Manufacturers' Standard Specifications for such 
material. All inside edges to be bevel-sheared for caulking. 

Rivet holes must be accurately aligned and matched, and shall be 
either drilled or reamed parallel after punching. 

Entire work to be shipped knocked-down, with all parts clearly 
marked with a steel stencil in conformity with an erection drawing to be 
furnished by the nianufacturer. 

Rivets to be furnished throughout and include 5% excess for waste. 
Fitting-up bolts are to be furnished, the number being 10% of rivets. The 
entire work to be thoroughly cleaned of all rust and scale and then coated 
with pure linseed oil before shipment. Detailed shop drawings to be sub- 
mitted to the engineers (purchasers) for their approval before work is com- 
menced. 

Entire work as to quality of material, workmanship, etc., must be to 
the satisfaction of the purchasers. 

The purchasers reserve the right to inspect the work before shipment ; 
such inspection, however, shall be considered only as an aid to the manu- 
facturer, and shall not relieve the manufacturer from any or all responsi- 
bility, regarding defective material or workmanship, or regarding inaccu- 
racies in the work, which may appear when the whole is assembled and 
erected at the purchasers works. 
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48. Pipe CoatiDg. 

Protection of steel pipe is the most important factor in its lasting 
quality. 

There are two methods of protecting pipes : one is the metallurgical pro- 
cess, consisting in alloying the iron with another metal, securing a product 
which will not corrode under exposure; the other process is mechanical in 
character, and consists in covering the surface of the metal with some sub- 
stance which will secure it against chemical or physical change under ex- 
posure. The second method has the advantage of being the cheaper one. 

A preservative used with much success is asphaltum, made from 
gilsonite, practically a pure hydro-carbon. This material is of such phy- 
sical properties that it does not become brittle, crack, nor melt in warm 
weather. The pipe is submerged in that bath, which is kept at a tempera- 
ture of 400® Fahr., then drained, leaving an even and protective coating, 
inside as well as outside. 

Another pipe coating, very efficient also, can be prepared from coal 
tar pitch distilled until the naphtha is entirely removed, then being mixed 
with from 5% to 6% of linseed oil, heated to 300® Fahr. ; this temperature 
being maintained throughout the operation of dipping. 

The specifications for the coating of the 24 mile steel pipe line for the 
city of Portland, Ore., were as follows: **After cleaning and inspection, 
which must be done under cover, every pipe shall be coated with * 'Mineral 
Rubber Coating", or such other material equal thereto in all its qualities, 
as hereinafter specified. 

The coating must be free from blisters and bubbles, and must not be 
affected by exposure nor by the action of soil or salt water. It must strongly 
adhere to the pipe under all circumstances, and must not become soft 
enough, to flow at a temperature of 150® Fahr., nor brittle enough to 
crack or scale off at freezing temperature. 

The pipes before being dipped must be clean and free from rust, and 
no pipe shall be coated unless examined and approved by the inspector 
immedia,tely before the process of coating begins. They shall be dipped 
in a bath of the "Mineral Rubber Coating" heated to 400® Fahr., or more, 
and shall receive a uniform coating of not less than -^ inch in thick- 
ness. While in the bath, the pipe shall be so manipulated, scraped, brushed 
and re-dipped, if necessary, in accordance ,witJi the directions of the 
inspector, as to give a sound and perfect coating. After the pipes have been 
removed from the dipping tank, they shall be set vertically while cooling. 
Proper facilities for handling the pipes, and allowing all surplus material 
to drip off shall be provided by the contractor. The cost of all labor and 
material involved in the coating of the pipes must be included in the price 
bid for furnishing and laying said pipes. 

The materials for the mixture, the appliances and method of boiling, 
melting, or applying and testing the coating, shall be subject to the appro- 
val of the engineer or his authorized inspector. In case that from any cause 
the coating on any length may be found to be defective, it must be remov- 
ed, and should the defect be from brittleness or scaling, or improper com- 
position or appUcation of the coating, it must be scraped off entirely, 
outside and inside, and another coating applied." 
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49. Expansion Joints. 

Owing to variations in temperature, steel pipes undergo a large amount 
of expansion and contraction. To take care of this, it is customary. to use 
expansion joints of the types shown in the figures 60 — 54, and placed at 
intervals of 500 feet, more or less. 



ncking 



Fig. 50. 






Fig. 53. 



Fig. 51. 



Fig. 52. 






-H-.ir- 



-r-of- 



Caulkjaa mth Laad 



Fig. 54. 
Typical Expansion Joints. 

The best location for expansion joints is near the elbows encountered 
in the pipe line. This joint takes care of expansion and contraction in itself, 

and being slightly flexible al- -. a?v'- 

though absolutely tight under 
pressure, it allows the pipe to 
conform with the grade, and per- 
mits a sUght deflection without 
leakage. 

50. Manholes. 

Manholes should be distributed 
along a pipe line and distanced 
apart as local conditions may re- 
quire. They should be carefully 
referenced. Such manholes have the cover bolted on, which, when the 
pipe is empty and necessary examinations are to be made, may be re- 
moved to allow a man to enter. Fig. 55. 

The cover and its attachment are designed so as to withstand the 
static pressure and water hammer effect, and the diameter must be large 
enough to allow a man to enter without difficulty. 

MulUr, Hydroelectrical Engineering. 6 ^<-^ t 
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Details of Manhole and Cover. 
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The static pressure acting on such a cover is easy to determine :. if 
p == pressure to be determined, in lbs. 
H = static head, in feet 
A = area of cover, in sq. ft. 

= jr r^ , if circular, = nah , if elliptical, 

then, the required pressure will be found by the expression: 

p = 62.5 AH. 

If a water hammer effect is possible, its magnitude is to be calculated 
separately and the result added to the static effect. The number and size 
of the bolts are easily established therefrom. 




61. Area of Gate Opening. 

When a circular gate is hf ted to a certain height, the clear opening takes 
the shape of a half moon, the area of which may have to be determined. 

CalL: 

I 

r = OA the radius of the pipe, 
R = (/B the radius of the gate, 
h = 0(y the distance between centers, 
. -1^ ^ \ « = angle POA , 

\o' ^^^ ^ /? = angle PO'^, 

f ^^^ pit, \ I S == area of clear opening. 

-H^ )fP' The problem is to calculate S., being given 

^ ^ r, R and A ; a and being p auxiliary variables. 

From figure 56 we have 
area PBA = area POA + area POO' - area POB. 
pj eg In other words 

.^- = _« + .^sma- -p 

or 8 = r''a^rhmna—R^p (a) 

From the triangle P00\ we have 

-'■- =JL. .• (b) 

smj5 sin a 
iJ2 = A^-f r^-|-2Arcosa . . (c) 

Therefore, to determine S, the unknown of the problem, a is obtained 
in function of A in equation (c), /? is obtained in formula (6), these two values 
so found and substituted in (a) give S, 

Table XXVIII gives the ratio of /S to -4 (the area of the pipe section) 
and these figures are sufficiently exact for practical purposes. 

Numerical example: A gate valve 36 inches in diameter, is comple- 
tely opened in 42 turns. 

If 12 turns only are given, determine the area of clear opering. 

First we find the ratio of turns given to the total number of turns 
possible 12 _ 2.86 

42 ~" iT' 
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By interpolation is found 
S 



Therefore 
which is 



0.2 + 0.128 X 0.85 = Oi309 . 

5 = 3.1416x0^X0.309 = 2.18 sq.ft. 
2.18X100 



3.1416X1.5^ 



:30.8% 



approximately of the total opening. 

Table XXVIII. 



F 


! s 

1 A 

1 


F 


S 
A 


1 

io 


0.100 


, 6 
10 


0.705 


2 
10 


0.228 


7 
10 


0.805 


3 
lO 


0.356 


8 
10 


0.891 


4 

io 


0.477 


9 
10 


0.962 


5 
10 


0.595 







jP= fraction of opening. 

62. The Elbow. 

A problem which is often present in the design of pipe lines is ttiat of 
the elbow; a careful study must always be made of the forces that tend to 
pull an elbow from its anchorage, thus producing dangerous strains in the 
pipe itself if not properly secured. In a static condition, when water is not 
flowing, the faces of the elbow, fig. 51 A B 
and CD receive normal pressures, which are 
transmitted integrally to the section DB, &o 
to compute the pressure which is exerting 
itself on the shell at that point, it is neces- 
sary to find the resultant of the two normal 
pressures. 

These pressures are each equal to 
P = 62.5 AH 
where ^ = is the area of the section of pipe, 
and jff = is the static head. 

The resultant is therefore: 




S=125 AH cos 



Fig. 57. 



This relation is immediately observed in fig. 57 where the isosceles 
triangle KPm gives: 

Km = i? = 2 KPcosPKm . 

There is also the centrifugal force to be added when the water is flowing ; 
this centrifugal force has for expression: 
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M being the mass of moving water, 
V its velocity, and 
J? radius of curvature of the elbow. 
To calculate Jtf , call W the weight of water contained between the 
faces AB and CD and find: ^ w 

^^y 32.16 
The elbow must therefore be solidly bolted to a pier which will offer 
resistance by its own weight. The resultant of the masonry and water forces 
should intersect the base of the pier within the middle third to provide 

a safe factor against overturn- 
ing. In special cases of sharp 
turns, the pier itself must 
be strongly anchored, as in 
fig. 57. 

Fig. 58 shows the conditions 
that were met with in the case 
of the elbows of the Great 
Western Power Co.'s pressure 
pipes. These elbows are con- 
necting the pressure pipes to 
the header. 

The bases for calculations 
were as follows: 




Fig. 68. 

Calculations for Elbow Anchorage. 

Great Western Power Co.'s Pipe Lines. 



Elevation of high water 1025 

Elevation of center line of penstock 806 



Effective head 219 feet 
Rise in dynamic head due to closing of gates 114 ft. 

Total head considered 333 ft. 




Fig. 59. Section A-A. 

Elbow with Manhole and Expansion Joint. German Design. 

The weights were taken as follows (see fig. 58): 

Butterfly valve 20,000 lbs. 

Gate valve 40,000 „ 

Elbow and air valve 13,600 „ 

Expansion joint 7,000 „ 
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Considering the weight of the water as far as point B, the weight of 
masonry as 140 lbs. a cubic foot, and the whole metaUic system being 
anchored into it, it was found that 77,000 lbs. had 
to be taken care of by bolts fastened into the rock. 

Fig. 59 and 60 show foreign practice in elbow 
anchorage. 

53. Blow-offs. 

These are located at each depression of the 

pipe line where 
sediment may 
accumulate and 
thereby affect 
the carrying ca- 
pacity of the 
pipe. 

Air valves: 
They are gene- 
rally called relief 
valves and are 
designed to operate automatically, being located at the summits of a pipe 
line. They permit the escape of air in filling, and the entrance of air on 
emptying a pressure pipe. Such inlet valves are illustrated in fig. 61 and 62 
and should be designed to admit the necessary volume of air without a 
greater pressure difference, across, the valve, than 3 lbs. per sq. inch. 





Fig. 60. 
Elbow Anchorage, German Design. 



Fig. 61. 
Details of 6" Air Valve. 




Fig. 62. 
Air Valve and Expansion Joint in Penstock Run. Swiss Design. 

A collapse of 7| sections of 44 in. pipe, }'' thick, of the Bull Run pipe line 
occurred from external air-pressure while under test. The water had been 
running two days when the collapse occurred; no air valves had been placed. 



54. Piers. 

If the pipes are supported by foundations or piers, and these are shaped 
to receive the circular form of the penstocks, it will be noted by referring 
to fig. 63 that the part imder the most important strain is reUeved from 
fatigue. The supports being raised up to a point as B for example, the 
resistance of the pier at such a point will oppose itself to the deforma- 
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tion. The bending moments shown in fig. 47 are positive outside and nega- 
tive inside of the circle. When the pipes are laid and supported by piers, the 
allowable distance from pier to pier must be carefully 
determined, the maximum bending moment and shear 
at the points of support being foimd by comparing the 
pipe to a continuous beam supporting a uniform load 
equal to its own weight and that of the water inside. 
The piers are usually to be provided with plates exten- 
pi g3 ding along nearly the lower half of the circumference of 

Typical Pier for the pipe. In this way, they offer less resistance to the 
Penstock. " movements of the pipe due to expansion. 

55. The Siphon. 

The determination of the profile of a pipe line is generally governed 
by the location of the intake and the power house or surge chamber as 
the case may be. When the line is to be laid over ground which is 
higher than the hydraulic gradient, a siphon is commonly used. The 
flow of water in a siphon is calculated from the relation A = loss at en- 
trance -p friction loss + loss at exit, or in mathematical form: 



5+'«+^; 




(1) 



Pensiock 
Irrfafce 

Surye Chamber 
orfbrebqy 

Fig. 64 a. Pipe Line above Hydrostatic Level. 

It is well to note that the height of the siphon above hydrostatic 
level (fig. 64 a) should not exceed 34 feet theoretically (at sea level). In 
practice it should be less than the barometric height by a amount 

where l^ is the length of the pipe line from -4 to (7 or to the highest 
point of the siphon. 




Penstock 
Intake 

Sufye Chamber 
or Forebqy 

Fig. 64 b. Pipe Line above Hydraulic Gradient. 

At the summit, it is common practice to locate an air valve because 
the air accumulates there during the working of the pipe system; on the 
other hand, a vacuum could be produced on closing the penstock intake, 
in which case, the pipe may collapse, unless provision is made for the 
admission of air. ^ 
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Naturally, to start the iflow in the pipe, it will be necessary to fill 
it by means of a pumps or other system. If a pipe line is to be laid 
over ground as per figure 64 b, the pressure at G will be less than the 
barometric pressure by a head equal to C E. The discharge will not be 
altered for a given length of pipa line. In this case, it is not necessary 
to "charge" the siphon, because C is below the hydrostatic level. However, 
air troubles must be expected 




A. 



PipeUne 




unmbtr 
forebay 



unless air valves are provided. 
* A case frequently met with 
is that of the reversed or inverted 
siphon, this being a practical me- 
thod to cross valleys. In fig. 64 a, 
64 b, 65, A is the penstock intake 
and jB is a chamber or stand pipe 
to receive the effects of the swelling harmonic waves produced by the 
sudden shut-down at the power house. 

* In calculating any of the three cases, the fundamental equation (1), 
as given above, is to be used. 



Fig. 65. Inverted Siphon. 



Table XXIX. 


Atmospheric 


pressure at differerU elevcUions. 


Elev. above i 


Press, in lbs. 


Height of Mer- 


Height of Water 


sea level. 


per square 


cury Barometer. 


Barometer. 


Feet 


Inch. 


Inches. 


Feet 


; 


14.7 


30.00 


34,0 


500 


14.5 


29.47 


33.8 


1000 


14.2 


28.94 


32.8 


2000 


13.7 


27.92 


81.6 


4000 ; 


12.7 


25.9S 


29.4 


6000 


11.8 I 


24.18 


27.4 . 


8000 


11.0 


22.50 


25.5 


10000 


10.3 1 


20.93 


23.7 



Table XXIX may be of use in obtaining the height of the mercury 
barometer corresponding to elevations above sea level up to 10000 fieet. 
The last column gives the height of the water barometer and is useful for 
determining whether excavation is nesessary to keep the pipe line within 
the allowable limit above the hydraulic gradient. 



56. Protection against Water freezing inside of Steel Pipes. 

The pipes being exposed to climatic changes, it is necessary to prevent 
the effects of the heat, and the possibility of freezing. In the first case, an 
easy remedy is to cover the shell with white paint. 

As the velocity of the water in the pipes is at least 3 ft. per second 
to prevent deposits of sand etc., the water can not easily freeze unless the 
temperature is very low. But in case of very cold weather, while the plant 
is shut down for one reason or another, should the flow of water be stop- 
ped, this would freeze and cause damage. It is necessary, then, to let the 
water flow through a by-pass, or other means, at such a velocity as will 
prevent freezing. 
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To determine what number of heat miits per hour will be produced 
and lost to the air, the following formula can be applied: 

H, = kDnl(t,-tJ 
in which 

it = a constant coefficient, taken as 4.56 usually, 
t^ = mean temperature of the water, 
t^ = temperature of the atmosphere, 
D = outside diameter of the pipe, 
I = length of the pipe exposed to the air. 

One cubic foot of water in cooling one degree, gives oflf 

62.5 B. T. U. 

The quantity of water passing through the pipe in one hour is 

^ 62.5(^^-1) 

when the water is allowed to cool one half degree only. 

Calling A = Dnl the exposed surface of the pipe, and if {t^ — tj) is 
taken as 36 degrees, the following formula is deduced: 

4.55^X^X36_ 
^ 31.25 

approximately. 

Practically Q = 6S . 

For instance, assume a pipe of 4 feet diameter, 1500 ft. long. The 
area exposed to the atmosphere is 

-4 = Z);7i Z = 4 X 3.14 X 1500 = 18,850 square feet. 

Therefore 
Q B=3 94,250 cu. ft. per hour or 
= 26.1 cu.ft. per second. 

The velocity that will prevent freezing 
is therefore 

2.07 feet per second. 
•Coitctttit . 

Wherever possible in the case of very 

cold climates, the pipe should be buried 

into the ground, fig. 66. 

57. Wind Pressure on Circular Conduita 

In the design of penstock bridges, it is necessary to compute the wind 
stresses due to pressure on the supported pipe. Mr. T. M. Gilmer gives 
the following method in the Engineering Record, 

Let the unit pressure be p. 

Then the pressure on any small element hrda will be 

(Arda)psin'a. 
The component of the normal pressure parallel to Oa;, fig 67, is 

Ar dap sin* a. 
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(*2 4 

P = 2hrp sin* a da = ^ hrp, 
Jo ^ 



This is the pressure on the cylindrical surface in the direction of OX 
in terms of the radius and the unit pressure. Its relation to the pressure 
on a plane surface of the same length and of a width equal to the diameter 




r 



Fig. 67. 



pf the pipe may be found as follows : The total pressure on a plane surface, 
P, equal to the diametral section, is: 

P'=2hrp, 
therefore p 2 _, 

or the pressure on the cylindrical surface is two thirds that on its diametral 
projection. 

58. Flanges. 

Pressure pipe flanges must be attached securely and rigidly to the 
pipe, making a tight joint and eliminating absolutely the possibility of a 







Fig. 68. 



Fig. 69. 



leak. Flanges for pressure pipes are preferably made of forged steel; and 
this insures their safety in transit and in installation. It is often desirable 
ihat a joint be slightly flexible, and although, as such, it will allow the pipe 





Fig. 70. 
Details of Flanges of the Necaxa Penstocks. Mexico. 

to conform with grade, it must be absolutely tight under pressure. The 
design of flanges is a very important part in the study of pressure pipe lines, 
and the few accompanying types, figs. 68, 69, 70, will, no doubt, be of 
valuable interest to the designing engineer. 
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59. Riveted Joints. 

The following formula is to be used in determining the piteh of rivets: 

p = pitch of rivetfi, 

A == area of rivet hole in decimal of an inch, 
s == shearing value' of rivet, 
t == thickness of plate, 
Q = tensile strength of plate, 
d == diameter of rivet hole in inches. 

The thickness of metal to be used for a pressure pipe may be deter- 
mined as follows: 
Let 

H = head at any point in feet, 
D = diameter of pipe in feet. 

The pressure upon one half the shell will 
be (Fig. 71): 

D H 62.5 
Fig. 71. 2 • 

The resisting effort of the pipe is offered by the thickness of the plate^^ 
and the riveting, such an effort depending • upon : 

S = 60,000 lbs per sq. in. = tensile strength of material, 
c = coefficient of joint efficiency, 
F = factor of safety, 
I .= unit length of pipe =12 inches. 
The resisting effort is then given by: 

F~ 
and the thickness of plate is: 

D H' 62.5 

2 F'D'H Z\,2b • 




t. 



del del 



F 



For 6 = 50,000 lbs. ; i^ = 4, Z = 12 

this formula becomes 

t=A-^- (1) 

4800 . e 

The relation of size of rivet to the thickness of plate is established in 
Table XXX. ^ 

In the following table, the length includes the length of shank necessary 
to form the field head, and for a grip equal to twice the thickness of plate 
assumed. 



1 Bureau of Construction and Repair. Navy Department. 
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Thickness of Plate. 
Inches 



Diameter of Rivet, 
Inch I Decimal 



Corresponding Rivet Hole Area. 



Inch 



Decimal 



Length. 
Inches 



Less than j^i 
A to } 
i to ^V 
A to i 
+ to 3 
} to 1 



} 



0.3750 
0.5000 
0.6250 
0.7500 
0.8750 
1.0000 



A 

H 
H 



0.4375 
0.5625 
0.6875 
0.8125 
0.9375 
1.0625 



0.1503 
0.2485 
0.3712 
0.5185 
0.6903 
1.0031 



1 



The centers of rivets are spaced not less than 1| times their dia- 
meter from the edges. In double and treble riveting, their distance from 
center to center of rows (horizontal pitch) to be not less than 2| diameters 
in laps, and 2| diameters for straps. 

It is noted here that transversal riveting should be only one half of 
longitudinal riveting. 









<1> 


0- 





0- 


^ 


<^ 


L ^ -.^ 



Fig. 



Fig. 73. 



Fig. 74. 



There are several kinds of riveted joints: 



single riveted joint (fig. 72) if only one row of rivets is used; 
double riveted joint (fig. 73) if two rows of rivets are used; 
triple riveted joints and quadruple riveted if three and four rows 
are used respectively (fig. 74). 

A riveted double welt butt-joint consists 
of one or more rows of rivets to join two plates, 
covered on both in- and out-side with covering 
strips (fig. 75). 

It is obvious that in increasing the efficien- 
cy of the joints, by adopting several rows of 
rivets, which is imperative for very high heads, 
a loss of head is produced which may reach 
important proportions. It is the practice to 
use seamless welded pipes in such instances, 
and this use is becoming general. 

Table XXXI ^ of maximum efficiency of 
riveted joints and the corresponding pitch of 
rivets for wrought iron and steel plates, will be of much interest to the 
designers of pressure pipes. 




Fig. 75. 
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60. Water Hammer in Pressure Pipes. 

Penstocks of hydroelectric plants are often subject to a rise in water 
pressure, due to water hammer, which occurs either at the time of filling 
in, or by suddenly closing the gate of discharge. There being an increase 
in the water pressure due to its kinetic energy being brought to a sudden 
stop, the stresses in the shell of the penstock are also increased, but 
these must not reach the elastic limit of the metal. To remedy this effect, 
surge pipes are commonly installed along the pipe line, the area of such 
surge pipes being at least equal to the area of the penstock. 

The formula which is ordinarily used to calculate the rise in pressure 
in a penstock, due to closing of gate is : 



p^O.OlZU^^^,'-^ 



in which: 



p = rise in pressure, in lbs. per sq. inch, 
Vi = normal velocity of water in penstock, in ft. per sec, 
Vg = velocity after change in gate opening, in ft. per sec., 
Z== length of penstock, in ft., 
T = Time in seconds required to change gate openings. 

The coefficient 0.0134 is rather small, and Mr. G. M. Peck* pro- 
poses that its value be taken at 0.0201, the latter being safer. Mr. Merri- 
man proposes the formula: 

p = 0.027 y" 

in which : p, I, T are as before and v = velocity of water in ffeet per se- 
cond. This formula is materially the same as the one above, the value of 
V in Merriman's formula corresponding to the value of (v^ — Vg) in the 
other formula, and the constant coefficient being taken a little higher 
to correct for the value of the initial velocity, instead of the mean velocity 
between the initial and final in a time T. 

Sudden variations in the velocity of water in pipes may produce a 
positive water hammer effect, or a negative one, according to the direction 
of the variation of the velocity. These phenomena may occur consecuti- 
vely in a same pipe line, and whereas the positive water hammer may 
sometimes assume dangerous values, the negative water hammer cannot 
cause injury, because, if vent pipes are provided, the pressure inside the 
pipe cannot become less than the atmospheric pressure. Mr. L AUievi^ 
gives the following formula for negative water hammer, in order to de- 
termine the time T of opening so that the maximum decrease in pres- 
sure shall not exceed a given value (1 — s). 
The formula is: 



T = 2 



gHo{i-s) 



^ Engineering News. Aug. 11, 1910. 

* Revue de M6canique, Paris. January-March, 1904. 
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in which 

T and I = are as before, I being in meters, 

g = constant of gravity, =9.81, 

Hq = head of water, in meters, 

v' = velocity of water in pipe, in meters per second, 

H 
8 ==Yr where H is the resulting pressure in meters, 
-"ft 



61. Wooden Steve Pipe. 

This sort of pipe has been extensively used of late. It presents serious 
advantages, and replaces economically open wooden flumes. In the con- 
tinuous stave type, staves are laid side by side, and being of different 
lengths, all joints are staggered. Each stave is butted 
against the one immediately preceding it, while slits 
at the end receive a metallic tongue. The staves are 
held firmly in place by steel rods solidly clinched 
until every stave is well seated. See fig. 76. 

The essential condition to insure long life of the 
wooden staves is that they must be kept constantly 
p.^ .yg saturated. To accomplish this, it is best to bury the 

Wooden Stave Pipe. P^P^ under ground, and make the wood of such thick- 
ness as to be always water soaked. 
The steel rods or bands are placed upon the pipe for the purpose of 
resisting the water pressure, water hammer, and the swelling power of 
the wood, once it is saturated. The bands are preferably of round steel, 
because of their adaptability of embedding themselves in the wood as it 
swells and at the same time, they offer less surface to corrosive influences. 
Their spacing, diameter, and bearing surface upon the pipe will be pro- 
portioned with due regard to specific requirements. The ends of the bands 
are secured together by means of a malleable iron shoe, so shaped that a 
close fit upon the exterior of the pipe is obtained, and composed of two 
shoulders, the interior one for the head of the bolt, the exterior one for 
the nut. In this way, the rod lies in a plane perpendicular to the axis of the 
pipe, and the strain of the rod produces a straight pull. 

With perfect material and superior workmanship, a wooden pipe may 
be manufactured to withstand a pressure of 300 ft. head. 

It is claimed that the price of wooden stave pipe is from 20% to 60% 
lower than that of metal pipe, and other essential advantages are that it 
is Ught, strong and easy to handle. Its inner surface remains clean from 
tuberculations which diminish the carrying capacity of metal pipes. It has 
been observed that the carrying capacity of wooden pipe increases with 
age as the surface gets smoother, while the friction of the metal pipe in- 
creases. 

62. Reinforced Concrete Pressure Pipes. 

These are chiefly used where it is desired to convey large quantities 
of water at low pressure. As '^^ in. plate is the smallest gage used for steel 
pipes, it is clear then, if ^ is too strong a plate to perform the work eco- 
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Spacing of Piers for Reinforced Concrete Pipes. 95 

nomically, that is to say, if this will resist a pressure that will never occur, 
there is evidently a waste of metal. In some instances, reinforced concrete 
pipe is subjected to a pressure of 75 ft. of water. Reinforced concrete pipe 
consists in the incorporation of a steel structure composed of circular or 
longitudinal bars Into the concrete. These reinforcing steel bands are cal- 
culated to carry all the stresses due to water pressure, fill or span, and the 
concrete is simply considered as a fill-in material. It may be remarked 
however, that in the case of a concrete pipe being supported by piers, the 
upper part of the pipe, that above the neutral axis, may be allowed to 
carry compressive stresses. An illustration of this case is submitted here- 
after. The area of necessary steel may be calculated by comparing the 
circular reinforcement to an equivalent full shell, then numbering and 
sizing the circular bands in such a way that the equivalent area of metal 
is obtained. 

The longitudinal reinforcement, the area of which amounts generally 
to I % of the concrete area, is designed to take care of temperature and 
shrinkage stresses. The circular reinforcement may be spirally wound bars 
or individual hoops. In the latter case, the bars are overlapping at least 
30 bar diameters and staggered aroimd the circumference of the pipe. 

As has been said before, the concrete is simply a fill-in material. If 
its thickness varies according to the class of mixture of cement and the 
pressure of water, it is not necessarily a function of the diameter. It is 
nothing but a question of spacing the steel bars, and leaving enough border 
margin to secure a good protection of the metallic parts. In order to have 
an absolute water tightness, it is best to give a finish coat of mortar or 
asphalt. 

A head of 75 to 100 ft. may safely be supported by a pipe of the sort 
described, and if silt bearing water is conveyed it is best to place the pipe 
at a slope of at least 0.01 and to locate a sump hole and blow-off at the 
point of origin of the following steel pipe. 

Reinforced concrete pressure pipes are either built in place or con- 
structed at the manufacturers' plant, the latter system being employed and 
usually gives better results for pipes of small diameter. 

63. Spacing of Piers for Reinforced Concrete Pipes. 

Mr. P. Caufourier, in the Oenie Civil, expounds the following method 
for calculating the proper relations in the problem of pier spacing. 

The steel reinforcement is composed of circular and longitudinal bars. 
As the circular bars are calculated to resist the water pressure and such 
pressure as may cause deformation (fill, etc.), they are subject to the 
analysis which has already been given in paragraph 47. 

However the longitudinal reinforcement must take care of the bend- 
ing effort of the pipe between supports. These longitudinal bars, imiformly 
spaced, will be replaced by another fictitious pipe, the steel shell of which 
shall have an equivalent area. 
Let 

r = mean radius of pipe, see fig. 77, 

6 = thickness of concrete shell, 

€ = thickness of shell of equivalent fictitious pipe, 
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NN' = neutral axis defined by angle a, 

a '== angle limited by radius ON and the plane of bending, 
' m == ratio of coefficients of elasticity of steel and concrete. 

Tension shall not exist in concrete, so that e does 
Compression ^^^ havc to be Considered below the neutral axis. 

The ^position of the neutral axis is determined by 
the expression: 

€ 

tan« — a = mn— (1) 

c 

which may easily be resolved by means of tables of 
arc lengths and natural functions of tangents, finding 

such value for a as will make (tan a — a) equal to mn — . 
The moment of inertia with respect to the neutral axis just determined is 




/ = 2r'we 



t / Q \ 

- -}" ^ c^s' « I + 2 ^^ e f - — "- sin 2 a + « <50S ^a j . (2) 



The maximum elastic stresses are then found by the formulas : (in 
which M^ = maximum bending moment) : 

wJ[f^r(l+cosa) .«. 

-"/WW. = — r ^ ........ VO) 



mM^r{\ —cos a) 






_jtf^r(l— cosg) 
From these formulas: 

^ewicr^ 1 — COS a 



-Rten*. m(l-|-cosa)* 

This gives a, knowing J?^., iiconcr.. 

This value of a substituted in equation (1) gives the thickness c or, 
which is the same thing, the percentage of reinforcemeijt. 



64. Numerical Examples for Reinforced Concrete Rpes.^ 

To design a reinforced concrete pipe of 6ft. inside diameter, maximum 
hydrostatic pressure (water hammer effect included) is 60 ft. Pipe will 
be laid in wet sandy soil, and covered with a 4 ft. fill over the top. It 
will be supported on piers across a declivity, at intervals to be deter- 
mined. 

There will be two layers of reinforcement, one near the outer and one 
near the inner faces of the pipe. 

It will be assumed that the thickness of the concrete shell is 6 inches. 
If the steel alone must resist the pressure of the water, considering that the 



All calculations have been made by means of the slide rule. 
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limiting stress be 12 500 lbs. per sq. in., the thickness of shell of an equi- 
valent full steel pipe would be accorting to formula (1) on pag. 96 

which corresponds to 0.63 sq. in. of steel per lineal foot of pipe. 

Stresses due to fill. The pressure due to fill is considered as being uni- 
form, and average depth of fill 6 feet. 

l^?^ = 100 X 6 = 600 lbs. per sq. ft. 

The intensity of the horizontal pressure being taken as one third of 
the vertical, and the approximate depth to the center line being 6g feet, 
the average horizontal pressure will be: 

100x6,66 ,^„ . 

w^ = = 222 lbs. per sq. ft. 

By substitution 

/ wA r'^ ( 222\ 6.26 

Jf , = - if , = (l - -^j t.- = (l - ^) 600X ^ = 590.63 ft. lbs. 

, = 7087.5 in. Ibi. 

The area of reinforcement will be determined by the formula 

if = 5gx 0.86 d 

where s is the unit stress of steel. 

^ «X0.86d* 
Assuming d = 5" 

7087.5 
^ = 12,500 ^^0:86-X-5 = ^'^^^ «^- '^' 

This amount of steel is required along both faces. Having determined 
the amount of steel that will resist the water pressure, and the amount 
that will resist the stress due to fill, the total amount required will be : 

0.63 -f (2 X 0. 1 32) = 0. 894 sq. in. 

It will be necessary then to use |" round l>ars, spaced 4 inches center 
to center. 

Longitudinal reinforcement between supporting piers. Calculation of span. 

As this same pipe is supposed to cross a declivity of the ground, 
and be supported by piers, it is necessary to apply the formulae deve- 
loped by Caufourier for determining the proper spacing. The thickness, 
£, of an equivalent fictitious shell is 0.052 in. (It is assumed that the 
longitudinal reinforcement is of the same area as the transverse rein- 
forcement.) The thickness, e, of the concrete shell is 6 in. The position 
of the neutral axis will be determined by proper substitution in for- 
mula (1) page 96. It is found that the value of a that satisfies the 
equation is approximately 50 deg. 20 min., for which the arc value is 
0.878 and tan a is 1.206. 

In the formula 

^concrete ^ 1 — COS « 
Jitefmon~~ rn (I -{- COS a) 
Muller, Hydroelectrlcal Engineering. DigitizecFby V^jOOQIC 
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let Steniion = 12,500 lb. per square inch, 

29,000,000 ,„ , ■ ^ • , 

*" = 2,400.00-0 = ^^ (approximately) 

cos a = 0.638. 

Solving for Re<merete> » value is found of approximately 230 lbs. per 
square inch. 

Remembering that 

« = 0.052"; e = 6"; 



a = 0.878; cos* a = 0.40 



sin 2 a = 0.983 ; f» = (2.75 x I2)» 

the moment of inertia will be obtained by formula (2), on page 96: 



I = 2(2.75:'<12)»- 12 0.062 



lI + ^ • 0.407^ 



1 



4- 2 (2.75 X 12)» • 6 [0.439 — 0.737 + 0.358J = 153,562 in^ 

It is assumed that the pipe is acted upon as a uniformly loaded 
beam with fixed onds. The maximum bending moment is given by 

where W is taken as 2500 lbs. per linear foot (weight of pipe shell and 
water within). 
Then 

.¥^ = 2500;^ inch-lbs. (/ being in feet). 

Substituting this value of M^ in formula (3) and solving for / gives 
1=97 feet. 

Knowing the safe span, the compressive stress for steel will be 
found by proper substitution in formula (4). In the present case com- 
pression is very small, taking into account the considerable thickness of 
concrete. Bcomp. is foimd to be 20401b. per square inch. 

66. Self-supporting Penstock Bridge. 

This bridge constructed in connection with the water power plant 
of La Praz, near Modane, carries the water across a span of fifty meters, 
and is interesting for the fact that the diameter of the pipe which forms 
the bridge is of the same diameter as that of the rest of the pipe line, and 
the penstock bridge entirely supports itself, there being no intermediary pier. 

The design was made^ by Messrs. Seyrig and Rateau, and the 
following data is taken from a paper by Mr. Laponche. 

The conditions were as follows: 

Span, 50 meters 
Radius of arc, 100 meters; 
Tnside diameter of pipe: 2.40 m 

Thickness of plate 15mm; the extreme plates at the piers having a thick- 
ness of 16 mm. 



^ Note Bur une conduite d'eau. M. A. Laponche in "Bulletin et Comptes Rendus de 
la Soci6t^ de rindustrie Min^rale." Vol. 13; p. 793. 
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The arch was considered as having fixed ends. 
The elastic forces which are developed in the metal result from four 
causes : 

a) hydrostatic pressure due to head of water; 

b) the weight of conduit and aqueous contents; 

c) expansion and contraction due to change of temperature; 

d) wind stresses. 

Wind stresses were neglected in this particular case, the bridge being 
situated in a narrow valley, and its direction parallel to that of the wind. 
The influence of temperature was also neglected, the temperature of the 
water varjring very Uttle and because the field work was done in autumn, 
when the temperatiire of the atmosphere was nearly equal to" that of the 
water. 

The elastic forces resulting from hydrostatic pressure were found to 
be 5.45 kg per sq. cm. 

The load per lineal meter is as follows: 

Weight of metal = 900 kg 
Weight of water = 4600 kg 

Total = 5400 kg. 

The load, referred to a lineal foot of the arc, being 5400 kg, if referred 
to a' ineal foot of the chord of the arc, varies from 5400 kg at the crown to 

^^^cosl4^30' ^^^ ^^^ springing lines) 
that is to say the load varies from 5400 kg to 5575 kg. 

In order to simpUfy the calculations, a uniform load of 5700 kg per 
lineal foot was considered (weight of rivets etc. included). 

The elastic forces which result from the load may be determined from 
the components along the normal and along the tangent of the mean fiber ; 
these components are deducted from the knowledge of : 

1) tension, or compression, of the mean fiber, 

2) shearing stress, 

3) bending moment, 

4) moment of torsion. 

The complete analysis is given here, as it may prove of interest, to 
designers of self supporting penstock bridges. 
Let: 

M = bending moment of the center of gravity of the section, 
N = compression of mean fiber, 
I = moment of inertia of section, 
/2 = a section perpendicular to mean fiber, 
V = distance of fiber of section ii to mean fiber. 

The component of elastic forces, normal to the section, has for value 

Mv , N 

For any given section, the bending is a maximum, either for the in- 
trado or extrado fibers ; it is therefore only necessary to study these two 
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fibers. The expression of N can be simplified by the introduction of the 

notion of reciprocal points. 

Being given (fig. 78) one section A' A", a reciprocal point of the 
intrado fiber of such a section is a point a' at a 
distance u' from the mean fiber in such a way that 



r* being the square of the radius of gyration of 
the section. 

In the same way the reciprocal point of the 
extrado fiber is given by the relation: 




Fig. 78. 



If we call M' and M'\ the moments of the forces referred to the 
reciprocal points acting on the arcs, we obtain the elastic forces developed 
in the intrado and extrado fibers by means of the formula: 

n =- ^- . 

The tangential components of the elastic forces are composed of two 
parts: 

1 st: The one produced by the shearing force T expressed by 

2 nd : That one produced by the moment of torsion Mf which has 
for value" 

, _M^ 

I^ being the polar moment of inertia of the section. 

The moment of torsion is zero in the present case because all the acting 

forces are situated in the plane of the 
mean fiber of the arc ; therefore : 




t\ 










Calculations of the thrust. For an 
arch with fixed ends, the thrust is 
given by the formula 



J 



{My + r^Sj'^l 



Fig. 79. 






ds 



in which: 



M = bending moment produced at any point O of the mean 
fiber of the arc by the given forces (fig. 79); 
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S^ == sum of the horizontal projections of the forces located to 

the left of each point O; 
y = ordinate of the point O; 
da = indefinitely small element of the closing . line of the arc 
which contains the point G, 

The closing line of the arc is determined by the condition that the 

fictitious forces, equal to y y , be in equilibrium. If / is constant and if we 

call dx the horizontal projection of da we have 

dx = daco& S. 

S varies from 0® to 14® 3(/; therefore cos O varies from 1 to 0.97. 
In making a maximum error of 3% it can be admitted that 

dx = da 

and we are brought back to the construction of a line, so that the forces 
ydx are in equilibrium. The closing line of the arc is then a line such that 

area AFM-{- area BF'N= area MCN 
or 

area AFF'B^ area AMCNB 
that is to say 

AF AB=\ -—- — sin $ | — = 96 sq. meters 

from which 

AF = l^ = l.90m. 

As the arc is submitted only to the action of vertical forces we have 

Suppose that the forces applied to the arc are reduced to a weight P 
equal to unity, dividing the aic in a definite nimiber of parts equal to Aa; 
as / is constant, we have approximately: 

2f(y^ + r^-) 

The numerator of this expression represents the sum of the moments 
produced at the point of application of the weight P = 1 multiplied by 
the vertical forces y applied at the bases of the ordinates y of the different 
division points. This sum of moments has been determined graphicaUy 
(fig. 83) by the construction of the funicular polygon A M oi the forces 
y with a polar distance iJ^ A equal to the rise C D of the arc. 

Calling fi the ordinate of this funicular polygon which corresponds 
to the point of application of the weight P = 1, we have: 

The denominator of the expression of the thrust may be \vritten: 

in which Y Y are the ordinates of a curve which can be called tranaformed 
curve of the mean fiber, and which may be deduced by the relation: 

y-^y-' + rK 
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The denominator of the fraction which expresses the thrust is there- 
fore a constant, which represents the sum of the moments, (with respect 
to the X axis) of the horizontal forces equal to the ordinates Y of the trans- 
formed curve, applied at the corresponding points of the latter. 

This sum of moments has been determined (fig. 83) by the construc- 
tion of the funicular polygon Q^R^R^R^ of one half of the forces of Y 
with a polar distance Q^P equal to the rise CD oi the arc. Calling k the 
portion mn of the x axis contained between the last side of this funi- 
cular polygon and the vertical at the crown of the arc, we have : 

2f(r + ^') = 2f 3'3' = 2A.OZ). 

The thrust can therefore finally be written: 

/rc^ 1 

^ 2XCD '^ 2V 

If instead of only one force P = 1 we have a series of forces Pj Pj . . P„ 
applied to the arc, we will have : 

The curve, the ordinates p of which permit the determination of the 
thrust, is called the line of thrust of the arc. 

In this particular" case, the loads P have a constant value and we can 
write 

^The chord of the arc has been divided in twenty equal parts to which 
correspond equal loads of 14,260 kilogr. The sum of the ordinate /? mea- 
sured on the drawing to the scale of length has for value 25.8 m. The 
quantity k measured in the same way gives 0.61 m. (to facilitate the gra- 
phical constructions, the curve, the ordinates of which are equal to 3 F, 
has been drawn; it results therefrom that the quantity k' = mn (183°>°») 
measured on the drawing is three times larger than the quantity k to 
be substituted in the formula). We have therefore: 

I Construction of the polygon of pres- 

^ ^ ^^,...— f -^^.^^ ^. if sures. The polygon of pressures is a funi- 

ly^^ ">v! cular polygon of the forces applied to 

A\ I ^ I \3 the arc drawn with a polar distance 

j I ! I I equal to the magnitude of the thrust. 

^ ' j^^- f --jxi i^L ^^ order to determine it, it is necessary 

ji^ — j — <^^ ^Q know one point thereof. Construct a 

*l I ! ^ funicular polygon of the forces applied 

Fig. 80. to the arc, the polar distance being Q 

(fig. 80); let A^ B^ be this polygon, and 

a^ 6i the closing line of this polygon; project the points a^ a/ over the 

closing line of the are at aa \ the two points a and a' are points of the 

pressure polygon. 
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This construction results from the fact that the bending moment 
of a point of the mean fiber has for value: 

itf = e (z'' — y) = Qn 
m which: 

2j" = ordinate of the polygon, A^B^, measured from a^fci; 
y = ordinate of the. mean fiber measured from the closing line; 
n = ordinate of the pressure polygon, measured from the mean 
fiber of the arc. 
This polygon is obtained immediately in measuring the ordinates of 
the polygon A^B^ starting at F F' and measured to Uib^. 

Construction of reciprocal points. According to the definition, the 
locii of the reciprocal points for an arc of constant section, are curves 
parallel to the mean fibers; in the present case they are circles. 
The square of the radius of gyration is: 






64 



(D' 



-:-(^- 



d') 



2 

16 



(Z)2-}-d*) = 0.726. 



Therefore the radii of the circles, locii of the reciprocal points, are: 

0.726 



R = R 



r 



= 100 



i?" = i2 + ^ = 100+ - 



1.20 
0.726 



F" 



1.20 



= 100 — 0.606 (intrado fibers), 
= 100 + 0.606 (extrado fibers). 



The drawing of these circles shows that they cut the pressure polygon 
at the points 1', 2'; V\ 2''. 

Determination of the bending moments: The bending moment for the 
different sections is obtained by multiplying the thrust by the vertical 
distance contained between the polygon of pressures and the reciprocal 
point of the intrado or extrado fiber. 

The sign of the bending moment is determined by the position of the 
reciprocal point considered with respect to the polygon of pressures, the 
moment being positive, if the reciprocal point is above the polygon of pres- 
sures. 

Table XXXII is deducted from' the graphical construction, and gives 
bending moments for sections 6 meters in length. The drawing shows that 
the bending moment is zero at the points V and 2' for the intrados, at the 
points V and 2'' for the extrados. It is seen, besides, that there are two 
maximum values, one at the crown, the other at the springing lines. 





Table XXXII. 








Distance of considered 

section to abutment 

A 





5m 


10 m 


15 m 


20 m 


25 m 


Distance of reci- f r„._ ,^„ 
procal point to poJ^^^"^^^ 
lygon of pressures \ Extrados 

Bending Moment ( Intrados 
M=Qn \ Extrados 


+ 0.98 
+ 2.30 

+ 295Mr 
+ 690Jfr 


+ 0.1 
+ 1.40 

+ 30 
+ 420 


-0.60 
-^0.62 

-180 
+ 186 


-1.13 
+ 0.10 

-340 
+ 30 


— 1.45 

— 0.20 

-435 

— 60 


-1.64 

— 0.40 

— 492 
-120 
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GcUculcUions of the elastic forces normal to the sections. These are 
deduced from the bending moments by the formula: 

Jtft; 

I 

in which / has for value 

r' fi = 0.0825 

if the gross section of the plate is considered; taking care of rivet holes, 
the net section is equal to */^ of the actual or gross section, so that: 

r = 0.76 X 0.0825 = 0.061875 . 

Table XXXIII gives the elastic forces pei* square 'miUimeter for the 
gross and net sections, the lower figures corresponding to the last hypo- 
thesis. 

Table XXXIII. 



Distance of the section 
to abutment A 


5m , 10m 15 m 

1 1 


20 m 


25 m 




Intrados 


{ 


+ 


4.300 


+ 4.375 


— 2.625 


— 4.950 


— 6.330 


-7.180 


Normal elastic 




5.750 


5.820 3.500 


6.600 


8.400 


9.600 


forces 


Extrados 


1 


+ 


10.000 
13.400 


4-6.120 
8.200 


-1-2.710 
3.600 


+ 4.375 
5.850 


— 0.875 
1.170 


— 1.750 
2.330 



Tangential elastic forces. These are reduced to the forces produced by 
the shear. For a given sectiop, the shearing stress is the component along 
the normal to the mean fiber, of the resultant transfer 
of all the forces situated to the left of the considered 
section : 

1st: At the springing lines. The resultant of 
transfer is the resultant of the thrust Q = 301 ' and 
of the vertical reaction F= 142^ (fig. 81). 
The shearing stress is found to be: 

T, = 65^ 

2nd: At the crown. At this point, the tangent 
to the polygon of pressures is horizontal; therefore 
the resultant of transfer is also horizontal; conse- 
quently, the shearing stress is zero at the crown. 

It results from the above that the tangential 

I elastic forces vary from at the crown to -- at 
the springing lines, in other words, from to 
^5^00 
"^ 1147600 

these elastic forces can therefore be neglected. 

The elastic forces produced by hydrostatic pres- 
sures take place only when the pipe is imder pressure. 

Suppose an element abed corresponding to an indefinitely small 
length ds of the mean fiber (fig. 82), the volume abed is submitted to 
the action of the following forces: 




TT/-nnn- ^-48 kg. 



Fig. 82. 



Digitized by 



Google 



Self -Supporting Penstock Bridge. 



105 




Digitized by 



Google 



106 



Pressure Pipes. 



1st: Gravity; 

2nd : The reactions of tlie pipe ; equal and opposed to the hydrostatic 
pressure ; 

3rd: The pressures on the faces ad and be which can be substituted 
by their resultant directed along the bisectrix of the angle d O, The resul- 
tant of the pressure on the faces a d and 6 c has for value : 

2 CO i/ sin , 

in which 

(o = interior pressure per unit of area ; and 

i/ == interior section of the pipe ; the vertical component of this 

resultant is: 

dS 
2a>i?'sin~^cos 0; or (oii'dScosS, 

Table XXXIV. 



Distance of the considered 
section to abutment A 



5 m 



10m 



15m 



20 m 



25 m 



Elastic forces produced by 
the hydrostatic pressures 



u 



^ 



Pipe filled 

with water 

but not under 

pressure. 

Id. under 
pressure. 



Intrados 



Extrados • 



Intrados 



Extrados < 



5.450 
7.300 

+ 4.300 
+ 5.750 

+ 10.000 
+ 13.400 

2.040 
2.720 



+ 
+ 

+ 
+ 



4.750 
6.350 



, 5.450 
! 7^00 

-f 4.375 
, + 5.820 

4-6.120 

4- 8.200 

+ 2.070 
I 4- 2.750 

+ 2.900 
+ 3.870 



5.450 
7.300 

~ 2.625 

— 3.500 

+ 2.710 
+ 3.600 

— 1.190 

— 1.580 



5.450 
7.300 

— 4.950 

— 6.600 

+ 4.375 

+ 5.820 

— 2.350 

— 3.140 



5.450 
7.300 

— 6.330 



5.450 
7.300 

— 7.150 



• 8.400 ; — 9.600 



+ 1.280 +2.070 
+ 1.710 1+2.750 I 



0.875 


-1.750 


1.170 


— 2.330 


3 


- 3.400 


4 


— 4.520 


0.415 


- 0.830 


0.552 


— 1.110 



The horizontal component is 

2 io U sin — — sin Q\ or a> i/d sin 0. 
td 

As varies from 0® to 14® SC, cos 6 varies from 1 to 0.97. 

It can therefore practically be admitted that the vertical component is 
always equal to co£/dS and the error which is introduced is 3% at the 
maximum ; this component however is directed to the opposite side of the 
center of curvature of the arc. It results therefrom that when the arc is 
loaded, it can be considered as being submitted to the action of ascending 
vertical forces having for value oji/dS for the length ds. 

If instead of an indefinitely small length ds, definite lengths J^ equal 
to 1™.000 are taken, we will have: 

zJ = 34. 

In this case the value of the ascending vertical forces will be 

34 

<p = 2 X 0.068 X 4,500,000 X sin ^ -- 3000 kg. 
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Fig. 84. La Praz Penstock Bridge. 



It results therefrom that if the water in the pipe is under pressure, 
the effect of gravity is diminished and the vertical forces acting on the 
arc are reduced to 

6700 — 3000 = 2700 kg. 

As the elastic forces are proportional to the acting forces, it results 
from the above, that the elastic forces as determined before be multiplied 

u .u .• 2700 
by the ratio ^^. 

Table XXXIV resumes the different hypotheses that can be considered, 
and the calculations have been made for the gross and net sections. 

Remark. It 
has been shown 
that water under 
pressure in the 
pipe diminishes 
the effect of gra- 
vity. Let us de- 
termine the ra- 
dius of curvature 
R of the arc, so that 
the total weight, or 
the weight contained 
within the pipe be* 
equilibrated by the 
hydrostatic pressure . 

Consider an in- 
definitely small ele- 
ment abed the weight 
of which is 1000 Q'ds; 
the resultant of the 
action of the water 
against the two plane 
faces of this element is 

2x0.068xfi'sin^ 

and, replacing the sine 
by the arc, 0.068 12'd0. 
Admitting that this force be always vertical the condition of equilibrium 

will be 1^000 fi'd^ = 68,000 Q'd S 

ds 




Fig. 85. Concrete Penstock Bridge. 




Fig. 86. Typical Steel Penstock Bridge. 



or 



dS 



= /?=68 



in other words, the weight of the water contained within the arCy will be 
equilibrated by the hydrostatic pressures^ if the radius of curvature of the 
arc is equal to the head of water in lineal measure. 

The general layout of the La Praz penstock bridge is shown in fig. 84. 

Penstock bridges of other designs are illustrated in fig. 85 and 80. 
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Chapter V. Dams. 

66. Earthen Dams. 

These dams are generally constructed where the soil is little resistant, 
or of a low safe bearing value. They are made of specially selected natural 
materials found on the site, or of a mixture of loam, clay and rock. The 
safety of an earthen dam depends on its water-tightness. With this object 
in view, it is best to construct dams having a masonry or concrete core 
wall in the center, \\ith puddle or selected material placed upon its water 
face. Percolation through the dam may also be eliminated by covering the 
upstream face with plank, made water tight by means of asphaltum or tar. 

English dams are generally provided with a puddle core, the water 
face being of any material found on the site, and between the face and 
the puddle core, especially selected material is placefl. In many instances, 
other material has been used, such as timber, steel and reinforced con- 
crete, which are as efficient as the ordinary earthen dam. In case of timber 
being used, the timbers are placed alternately parallel and perpendicular to 
the direction of the stream, the spaces being filled with earth and stone. 




Fig. 87. Cross Section of the Bowman Rock-Fill Dara. 

An example of a timbercrib rock filled dam is given in fig. 87 illustrating 
the Bowman type. This particular dam is 100 ft. high, and consists of a 
timber crib of unhewn cedar and tamarack logs, notched and bolted together, 
then filled with small stone. The slopes on each side are 1 to I and the 
face was made with pine planking, laid horizontally. The slope adopted in 
the construction of earthen dams is generally 2 to 1 on the exterior and 3 to 1 
on the interior, and when the earth is laid it should be moist so as to pack 
solidly, however this moisture should not be excessive. 
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Kg. 88 iUustrates a rock fill dam with steel core. This consists of a steel 
web-plate, varying in thickness from 0,33 in. at the J^ottom to 0.25 inch 
at the top. The plate is covered with a coat of Alcatraz asphalt, over 
which a layer of burlap is placed. A second coating of asphalt has been 
applied over the burlap, and the whole imbedded in a masonry wall 2 ft. 
thick, the masonry consisting of Portland cement laid with rubble. 



««£r 




Fig. 88. Rock Fill Dam with Steel Core. 

Another type of dam usuaUy known as 
the hydraulic fill dam, consists in an embank- 
ment of earth, sand and gravel sluiced into 
position by flowing water. A dam built by this 
method is the Necaxa dam in Mexico, fig. 89, 
where construction was done as follows: The 
ground was first cleared and stripped, a trestle 
to support the flume was erected, and low 
earth dikes were made at the upstream and 
downstream limits of the fill, to hold the mud 
and water. The material was then sluiced in, 
the pipes discharging near the embankments, 
so that the boulders and gravel were deposited 
on the faces and in the fine mud in the center 
of the dam. The dikes were raised as the dam 
was filled, and the water spilled over the 
upstream face into the pond. During the con- 
struction stage, the water of the river passed 
through the discharge gates, which were made 
large enough for the purpose. A spillway was 
provided over a neck of rock to the north of 
the dam. 

The most important factor influencing the 
safety of a dam of any of the types here 
described, consists as was said before, in its 
water tightness, which may be brought td' its 
maximum by the proper arrangement of outlet 
pipes to regulate and control the stored water. 
These pipes should not be built through the 
body of the dam, as they cannot always remain 
sooner or later the pipes become fractured, or the 
the result that the water will have full play and 
dam will inevitably result. 




as originally laid, but 
joints are drawn, with 
the destruction of the 
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In several cases, outlet arrangements consist in a tunnel driven 
through solid rock, passing around one end, and entirely disconnected from 
the embankment. The tunnel is made to discharge flood water, in which 
case there need not be a spillway. 

It will be of interest to note fig. 90, which gives a section of a dam 
built for rivers exposed to sudden floods, and the bed of which consists of 
sand. This particular dam was built 
on the Arkansas river and has suc- 
cessfully resisted the effects of sev- 
eral severe floods. 



till ^ ^'^Tk ^■'4h4'dne* 



yr^rrm 



Mi,-^ ^ 




Y- ^■■*' i 



Fig. 90. Dam built on Sand Foundation. 







CroM Section 



Fig. 91. Type of inexpensive Earth Dam. 



Another efficient cheap dam, designed by H. D 
strated in fig. 91. 

The dam as designed and erected is simply an 
built on a timber frame work and filled with earth, 
the typical 6 ft. dam consists of 4 x 6 in. pine posts 
into the ground and spaced 10 ft. apart. At a point 9 
back from these posts are other posts 4" x 6" x 3 ft. 
the ground and inclined away from the front posts 
vertical. 

67. Timber Dams. 



Mendenhall is illu- 

impermeable facing 
The frame work for 
9 ft. long, sunk 3 ft. 
ft. 6 in. horizontally 
long, sunk 2 ft. into 
about 30*^ from the 



These structures are very often built as measuring weirs ; and are 
also recommended when the work is to be of a temporary nature. They 
are used generally for the purpose of diverting the water. 

The foundation of a timber dam maybe of almost any material, whether 
rock, gravel, or sand; in the latter case stones may be dumped over the 
area upon which the dam is to be built, and when the river bottom is too 
soft, piling is resorted to, and underflow is prevented by sheet piling. 

Timber dams may be divided in three classes: 
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Ist: the crib dam; 

2nd: the rafter and strut framed dam; and 

3rd: the Beaver type. 

The crib dam consists of cribs built of logs or squared timber, and i& 
in most cases filled with stone, the timber parts acting rather as a binder, 
it is also designed with a view to water tightness. If a crib dam is not 
filled with stone, the up-stream slope should be long, so that the stabihty 
will be unquestionable, and failure due to lack of resistance to shearing 
forces will be avoided. 




Fig. 92. Timber Dam at Sewall Falls. 

Fig. 92 is a section of the Sewal Falls crib dam, built across the Mer- 
rimac River. The crib work is formed of 10 and 12 inch square timbers^ 
laid up without notching and locking and confined with | inch and 1 inch 

square drift bolts 20 to 30 inches 
The crown and slopes are 




Fig. 93. Cross Section of Bear River Dam 



Fig. 94. Crib Dam. 



covered with 5 inch planking. The level platforms which receive the falling 
water are covered with steel plates ^^ inch in thickness. 

Fig. 93 shows a crib dam built on the Bear River, Utah. 




Fig. 95. The Beaver Dam. 

The rafter and strut framed dam, illustrated in fig 94 is a structure 
the members of which may be calculated and proportioned with regard to 
the stresses. The members alone resist these stresses and care must be 
taken in the design of such dams with special regard to the possibilities^ 
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of sliding. They are commonly built with one deck, the water falling freely 
over the crest. 

The Beaver type dam is illustrated in fig. 95, and is well adapted to 
small heights. This dam is of the rockfilled type, with a plank flooring ex- 
tending from the crest under the earth fill which is tightly piacked against 
the upstream side. 

A series of steps is also provided to break the falling sheet of water 
flowing over the crest and prevent the seepage underneath. 

68. Masonry Dams. 

The ideal dam is unquestionably the masonry dam, built on solid rock. 
Such a structure inspires confidence, as it has the manifest appearance of 
strength and as a dam is generally intended to be a permanent construction, 
a meisonry structure is invariably the best suited to resist the action of 
the elements for centuries. 

Ranged ashlar or cutstone are not as suitable for masonry dams, as 
random rubble or rubble concrete. Stones laid in horizontal courses, would 
not be well adapted to resist the horizontal forces of water pressiire. In all 
concrete work, stones for bedding should be as large as convenient handling 
will permit, and be placed as close together as practicable, smaller stones 
being imbedded in the concrete between the larger ones. In a word, the 
dam should be made as nearly homogeneous and monoUthic as possible, 
interlocking the stones in all directions. 

In designing a masonry dam, the foUowing principles must be con- 
sidered ; 

1) it must not fail by overturning; 

2) the maximum compressive stresses must not exceed safe limits; 

3) there must be no tensile stress at any point of the section; 

4) it must resist the sliding effect of water; 

5) the masonry must not be crushed; 

6) it must be guarded against possible temperatiire crsicks; and 

7) ajso against the effect of ice expansion. 

The bearing ^ower of soils is given in Table XXXV. 



Table XXXV. Safe hearing power of soils. 



Kind of material. 


Safe bearing power in 
tons per square foot. 




Afinimum. 


Maximum. 


Rock — the hardest — in thick layers in native bed. 

Rock, equal to best ashlar masonry 

Rock, equal to best brick masonry 

Rock, equal to poor brick masonry 

Clay, in thick beds, . always dry . . 


200 
25 
15 

5 

4 

2 

8 

4 

2 

0.5 


30 

20 

10 

6 


Clay, in thick beds, moderately dry 

Gravel and coarse sand, well cemented 

Sand, compact and well cemented 

Sand, clean, dry 

Quicksand, alluvial soils, etc 


4 

10 

6 

4 

1 
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The experience of the paat dozen years has abundantly determined 
that particular care ought to be taken with the foundations on which a dam 
rests. Most dams failures have been variously due to settling, foimdations 
washing out, slips, percolation, water seeping along the masonry and earth 
division, disintegratjop ^of the spillway, water flowing over the top, musk-- 
rats, and finally in several cases excessive leakage through the founda- 
tions. It behooves the responsible engineer of any such structure to make 
assurances doubly sure that conditions are right before he proceeds to 
build the structure itself. 

Mr. Hugh L. Cooper in an address before the Western Society of 
Engineers describes as follows the tests made before building the Keokuk 
dam across the Mississippi River: "The question of the sufficiency of 
the rock foundation has been one requiring first thought at all times. 
After excavations have been carried down to a stratum that has the surface 
appearance of being entirely satisfactory, this surface is then washed with 
steel brooms and water under pressure, in order that all foreign matter 
may be located and removed from the surface of the rock. A careful 
examination is then made of this rock, and if the examination does not 
reveal any seams or imperfections, an exploration drill is mounted on 
this surface, and a drill hole put down to 35 ft. These drill holes are placed 
longitudinally on the axis of the dam every 36 ft. After two holes have 
been thus driven, an air pipe is tightly connected to one hole, and 100 lb. 
pressure of compressed air is applied for the purpose of observing the de- 
monstration from the neighboring open hole. In this way the presence of 
mud seams is determined, and if nd mud is found, and there is no 
difficulty in maintaining the pressure in the first hole the foundations 
are regarded as satisfactory. The surface of the rock is observed with 
levels to discover whether it is manifesting any movement under the 
pressure above indicated, and as the 100 lb. pressiire is about four 
times the water pressure it will be seen that the application is rather 
severe". 

"The driving of the exploration holes is noted by a skilled observer; 
the speed of the drill into its reduced size as it goes down, together with 
a close observation of the variations in air pressure, are plotted for the pur- 
pose of discovering whether the rock is uniformly hard. This method of 
observing the foundations has been followed throughout the work, and in 
one^case a- mud seam 3 in. thick was foimd about 7 ft. down from the 
apparently good foundation surface, and this 7 ft. stratum was removed, 
together with the clay, and the work, founded on the lower level. We have 
put down several holes about 100 ft. deep with well drills, and one well 
drill near the site was driven 800 ft. for an artesian flow, and while in rock 
all the way no artesian water was encountered." 

"Throughout the work new masonry is always let into the solid rock 
at least 3 ft., and after the work has been finished, tests that have been made 
repeatedly show an airtight seal of the concrete to the bed rock, and this in 
cases where a pressiire of 100 lb. has been put on to the test hole and main- 
tained for a period of six or seven hours." 

It might happen that a foundation be encountered imsuitable for 
sustaining a solid masonry structure and in that event one might well con- 
sider a hollow structure of either steel or reinforced concrete. The likel|- 

MulUr, Hydroeleetrical Engineering. , 8 C~^ r^r^rsJr> 
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hood, however, is that bed rock will be found and the solid masonry struc- 
ture commends itself as the more appropriate. 

The specific gravity of rubble masonry or good concrete is usually 
taken at from 2| to 2i, corresponding to weights per cubic foot of 140 and 
156 pounds. The allowable pressure varies from 8 to 10 tons; although in 
the design of the Quaker bridge dam 16.6 tons was the safe pressure assumed. 
It is a well known fact that after concrete has stood for some time, a 
gelatinous mass rises to the top. This pulpy mass called "laitance" sets slowly, 
has no binding properties and Uttle or no strength. This laitance should 
be removed by means of wire brushes or brooms, before new concrete is 
deposited on the old. 

Concrete dams should be built in alternate blocks and not as a conti- 
nuous wall, otherwise shrinkage cracks may occur because the concrete 
always cracks when setting in air. 

Expansion joints are provided against contraction, these having been 
as follows for the Keokuk dam: 

At the top of the structure, in the middle line of each pier, a layer of 
tar paper is set on edge when the concrete is cast. The paper is elastic and 
acts as a cushion against which the concrete, in the 36 ft. length between 
paper buffers, may expand. After the paper rots out, there will remain 
an interval as wide as the paper is thick between each section of the top 
of the dam structure. 

The largest mass of concrete is below, at the location of the spillwa3rs. 
But experience shows that concrete is so poor a conductor of heat that the 
center of a large mass does not fluctuate in temperature in harmony with 
the atmosphere, but remains of one stable temperature all the year round. 
Hence, it is necessary to provide for temperature Expansion and contraction 
only at the surface and for a certain distance into the mass. In this work, 
the expansion joint of tar paper on edge is made at one side of each spill- 
way in each span and from the face the width of the tar paper into the mass 
of concrete. The tar paper is placed on edge between the spillway section 
and the pier, following the curves and vertical upstream face of the shape 
of the spillway. 

With respect to temperature stresses, Mr. Steams says: "In a large 
masonry dam the interior gradually acquires the average temperature of 
the year and changes but little throughout the year. In the winter the 
outer portions of the masonry, and especially those exposed to the air, con- 
tract both vertically and horizontally, and as the temperature remains at 
nearly constant in the interior and does riot contract, the outer portions will 
crack or tensile stresses will be produced in them so that these portions 
of the dam become ineffective for conveying compressive stresses to the 
foundation. This feature is an important one to include in the compu- 
tations for a dam." 

The sliding tendency due to the horizontal thrust of water must be 
looked after, and in this respect Table XXXVI will be found useful. 

The ice thrust is sometimes considered, but, to what extent it affects 
a profile, is difficult to say, having been variously estimated at from 
30,000 lbs. to 70,000 lbs. per square foot of ice 8 in. thick (in the design 
for the Quaker Bridge dam it was recommended that 43,000 lb. per square 
foot should be considered). 

Digitized by VjOOQ IC 



Bfasonry Dams. 



115 



Table XXXVI. Coefficient of friction of various materials. 



Material. 



Granite (roaghly worked) on gravel and sand (wet) . . . 

Pine (sawed) on gravel and sand (wet) 

Granite (roughly worked) on sand (dry) 

» » » (wet) 

Masonry on clayed gravel ^ 

» dry gravel 

„ „ moist olay 4 

Point-dressed granite (medium) on like granite 

rt ri n n n oommon briokwork . . 

„ „ „ n i» smooth concrete . . . 

Fine cut granite (medium) on like granite 

Dressed hard limestone (medium) on like limestone . . . 

» » » i» i» brickwork 

Beton blocks (pressed) on like beton blocks 

Common bricks on common bricks 

« . dressed hard limestone 



Coefficient. 



0.41 

0.41 

0.65 

0.47 

0.577 

0.510 

0.825 

0.70 

0.63 

0.62 

0.58 

0.38 

0.60 

0.66 

0.64 

0.60 



The effect can be taken into account by computing the mass of masonry 
above high water with a margin of strength to resist ice-pressure. 

The first and probably most important problem that confronts the 
engineer in planning the construction of a dam, is the method of taking 
care of the river during construction. The diversion is generally effected 
by means of timber cribs, or rock fill cofferdams which are to be designed 
to withstand overflow in case an extraordinary flood occurs during the 
construction period. The coffer dam built in connection with the Iowa 
division of the Keokuk dam, embracing 39 acres of the orginal bed of the 
Mississippi River, was of such tightness with regard to the bed rock that 
a four inch pump, rimning about four hours a day all kept the water out 
of the cofferdam. It has not been possible to locate any water coming 
through the cofferdam proper, which has a length of 4700 feet, and the 
water that ran in came from on old canal bank, finished in 1877> and a 
part of the present Government lock system. 

The structure is described as follows ^r „The cofferdam is composed 
of cribs of square timber, the cribs being 24 ft. long and 16 ft. wide, with 
the tops about 16 ft. above the river bed. Each crib contains 22,000 ft. 
B. M. of lumber. To determine the form of the rocky surface of the river 
bed at each crib, a raft of the size of the crib was moored in position, and 
a sounding pole used to get the depth along each side. The bottom portion 
of the crib was then built on shore, and cut to the shape shown by the 
soundings. This portion was then launched and floated to its site, 
where it was held in position by ropes, while the upper portion was built 
upon it. Its own weight sunk it to the bottom and when finished to thd 
proper height it was filled with loose rock to hold it in position. When all 
the cribs for the cofferdam were in place, the 12 ft. openings between them 
were closed by stop logs on horizontal square timbers which were lowered 
into place and drift-bolted against the comer posts of adjacent cribs, being 
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flush with the outside timbers of the cribs. A sheeting of vertical planks 
was then spiked against the cribs and the stop-logs of the outer face of the 
cofferdam, each plank having been driven down hard on the bed rock 
before it was spiked. The cribs are braced on the inside by diagonal tim- 
bers let into the bedrock." 

"To make a water tight face, clay and earth were deposited outside 
the sheeting, being dumped from cars on a track laid along the cribs, which 
track was used also for the railway cars carrying the crib timbers. This 
fill was finally faced with loose rock dumped from cars, as a protection 
against the wash of waves and current. To prevent the current from scour- 
ing away the fill deposited a^ong the east or river wall of the cofferdam, 
the north or up-stream wall is extended about 50 ft. beyond the river wall, 
and protected by a heavy pier with battered and pointed nose. This pro- 
jection checks and diverts the current so that material for the fill was 
dumped into comparatively still water. The cross cofferdam extends beyond 
the riverwall in the same way, protecting the lower part of the work and 
preventing the diverted current from swinging back against the lower portion." 

It is often found expedient to build elaborate structural forms, either 
timber or steel, and experience shows, that by means of steel travellers, 
the work of building a dam has become greatly simplified. 

69. Reinforced Concrete Dams. 

In order to reduce cost and because of other advantages obtained, 
reinforced concrete dams have come into extensive use of late, and as they 
are of the cellular reinforced concrete type, in some cases power houses 
have been accomodated within, as illustrated in fig. 96. 

In the design of such structures, the buttresses are proportioned for the 
total pressure, and the position of the line of pressure may be varied by 
altering the slope of the up-stream face. The behaviour of the resultants 

in a concrete steel dam is shown 
in fig. 97. 

A concrete steel dam consists 
of separate concrete buttresses 
supporting an inclined floor or 
apron of reinforced concrete. 
Structures of this kind require 
that large factors of safety be 
employed and to avoid internal 
pressures due to seepage through 
the up-stream face, drain openings 
must be provided in the down 
stream face, if the dam is of the 
spillway type. 

Fig. 98 illustrates the La Prele dam, which is a 130 foot hollow rein- 
forced concrete structure built lately across the La Prele River, Wyoming. 
This dam is about 330 feet long at the top and tapers down to about 110 
feet at the base. Five bays at one side are provided with a spillway, nor- 
mally at an elevation of 125 ft. above the floor, but the remainder of the 
crest is at an elevation of 130 ft. above the floor. The spillway is provided 
with stop logs, which raise the water levels to that of the main crest line. 




Fig. 96. Patapco Dam, Ilchester, Maryland. 
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Across the top of the dam, there is an 8 ft. 6 in. joadway, guarded by para- 
pets, providing a bridge from one end to another. 

A type of reinforced concrete dam has recently been proposed by Mr. 
Greo. J. Bancroft, which has a general cross-section similiar to that of a 
gravity concrete dam. 



i^^J^Sl ^. ■ ., 



but which is built of 
comparatively thin lon- 
gitudinal and transverse 
walls forming vertical 
cells. These cells after 
completion are filled 
with earth and rock 
under water. For the 
sake of calculation how- 
ever, the dam is con- 
sidered as consisting 
essentially of a face 
wall supported in the 
rear by buttresses, which 
are of course, the trans- 
verse walls, that is, those 
running at right angles 
to the length of the 
dam. The auxiliary walls, 
which are parallel to the face wall and complete the enclosure of the cells,- 
are considered only as supports, to prevent the buckling of the buttresses, 




Fig. 97. Behavior of Rssultants ia a Conorete-Stedl Dam 
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Fig. 98. La Prele Dam. 

as resistance to shearing strain and as weight to resist overturning. The 
strength of the earth filling in shear and its supporting effect in resisting 
transverse and longitudinal pressure are disregarded. This type of dam, 
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Mr. Banq;roft beUeves, will probably be of most use in canyon sites where 
the dam is a combination of gravity and arch types. The face wall, 
buttresses and auxiliary walls are all reinforced. 

Mr. Bancroft has worked out a design of this type for a dam 185 ft. 
high and 1370 ft. long on the crest and arched in plan. The width 
of the dam on the base is 165 feet. The face wall is 2 ft. thick at the top, in- 
creasing to 7 ft. at the bottom, while the width of the entire dam at the top, 
in other words, the width of the front line of cells is 23 ft. 4| in. The butt- 
resses and auxiUary walls are 9 in. thick at the top, gradually increasing 
with the depth. The buttresses are placed radially, 20 ft. apart on centers 
at the face wall. The auxiliary walls are 30 ft. apart on centers, except 
for the two nearest the face wall, which are spaced 20 and 25 ft. 

Fig. 99 illustrates a section of the spill- 
way dam of the Lost River diversion channel^. 
The spillway crest is approximately 32 ft. 
above the level of the stream bed, 5 ft. below 
high water level, and 3 ft. above normal 
water level. Four feet above high water is 
an operating bridge, which supports one end 
of steel channels for car- 
rying stop logs. The other 
ends of the channels rest 
in cast iron seats in the 
crest of the spillway. The 
level of the pond can 
therefore be raised by the 
use of stop logs to any 
height desired up to the 
level of the bridge. 




Fig. 99. Lost River Dam. 



The spillway as indicated in the figure i sa reinforced concrete dam 
with the upper and lower decks carried by concrete buttresses, which are 
20 ft. on centers in the straight portion and 20 ft. on centers at the outer 
end in the curved portion. The downstream deck is a reinforced-concrete 
slab varying in thickness from 12 to 18 in., while the upper deck, on the 
other hand, is composed of plain concrete arches. The crown thickness 
is 12 in. The buttresses are 2 ft. thick, increasing to a foundation width of 
5 ft. and are reinforced through the middle by | in. sq. bars 18 in. center* 
to center both ways. The buttresses rest on sohd chalk rock, and to safe- 
guard against seepage a cut-off wall is carried 7 ft. below the foundations. 



70. Steel Dams. 

These structures are similar in construction, to the rafter and strut- 
framed timber dams. They have the advantage of being cheap in construc- 
tion, but are expensive in maintenance and repairs. The diagram shown 
in fig. 100 illustrates the frame of a steel dam built at Ash Fork, Ariz., and 
fig. 101 shows the details of the Hauser Lake dam, Montana. The latter is 
630 ft. long and has a maximum height of 81 feet. The slope of the up- 
stream face is 3 : 2. 



^ Engineering Record. March 18, 1911. Page 311. 
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One part of the foundation consists of solid rock, and the rest or about 
300 feet is founded on steel sheet piles in gravel. The weight of the steel 
structure is 1700 tons. The lower section of the up-stream side was built 
of concrete, behind which rubble masonry was placed. The structural 
steel tinisses were placed 9' - 9'' center to center, and the up-stream face 
was entirely covered by steel plates extending into the concrete apron. 

The Hauser Lake dam failed; the part of it which was built on soft 
foundation gave way. 




Fig. 100. 

Ash Fork Steel 

Frame Dam. 



Fig. 101. Hauser Lake Steel Frame Dam. 



71. The Trapezoid of Pressure. 

Suppose the reservoir empty and let (fig. 102): 

G = normal through center of gravity ; 
d = distance of normal to up-stream edge A ; 
a = width of base ; 
W = weight acting along G ; 

Then the average pressure along the "-nrv 

W 
base A B will be — . 
a 

The stress at A will be: 

4a — 6d W 

X — . 

a a 

The stress at B will be: 

6d — 2a W 

a a 

The trapezoid of pressure will then 
be represented hy MN. 

If the reservoir is full, the trapezoid 
of pressure will be represented by M^ N^ 

R 

and the average pressure will be — r calling 

R the resultant of water and masonry pressures. 
The stress at A will be 




Fig. 102. 



4a' 



— W R 
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The stress at B will be 



6d' 



— 2a' R 

--, X-,. 

a a 

If, at reservoir empty, the normal through the center of gravity, passes 

through the point - from -4, the trapezoid of pressure is reduced to a 

triangle, the pressure at B being 0. If the normal falls entirely outside of the 
middle third, the stress will be negative, a thing which must be avoided in 
practice. The same reasoning appUes to the resultant in case of reservoir full. 



72. Stability of Low Dams. 

Suppose a trapezoidal dam ABCD^ fig. 103. Call 

W = weight of one cubic ft. of water ; 
fri=: weight of one cu. ft. of masonry; 




w 



' 8 = specific gravity of masonry ; 



P^ = vertical component of water pressure ; 
P^ = horizontal component of water pressure ; 

.Two cases may be met with in practice: EC 
is vertical; or -4Z> is vertical. 

It is required to find a value for 6 such that 
the resultant of water and masonry forces intersect 
the bsrSe at the down stream edge of the middle third. 
The vertical component of water pressure is 

^ Wm H 



Fig. 103. 



the horizontal component 



The force acting at G is: 



2 



The value of r is found to be: 



2 1 

— n^ '{' a^ -{- 2an + ^w*+ <^^ + w» 



a + b 
The condition of stability is 

The width of the base is therefore: 



b=yH^ — (a-i'n)^6 — l)-{'n^8-{' 
If BC is vertical, n = and 



n'8'' 



2 



(1) 



...... .(2) 
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If AD is vertical, m = and 

(3) 



. -,/5 , . H» o 



Prom (2), if a = 0, then b = H, and from (3) 

Generally speaking it is more economical to make A D vertical rather 
than BC. 

73. Method of Calculatioii of High Masonry Dams. 

The method which is to be followed in the calculations for stability of 
high masonry dams depends entirely upon the hypothesis which is made 
beforehand regarding the distribution of stresses within the mass of the 
profile. As there is a great diversity of opinion regarding such distribution, 
many divergent theories, if appUed to one particular problem, would lead 
to entirely different profiles. 

It will be found interesting to study soma methods which have been 
accepted by engineers in different countries, and when designing one parti- 
cular dam, the application of Bouvier's method for instance, will be use- 
ful inasmuch as the latter is very often considered when it comes to deter- 
mine the actual stresses in a masonry dam. 



A B 



};-fih^ 



74 Wegmann's Method. 

This consists of five stages as follows: 

First sUige: The depth of the rectangular portion may be determined 
by means of the formula (3) (indicated in paragraph 74), making 

6 = o 
and solving for H: 

in which: 

H =1 height of rectangular portion, 
a = top width, 
s = specific gravity of the masonry. 

Second stage: the section below the rectangular 
portion is determined by consideiring successive tra- 
pezoidal blocks. Let CDFE he such a trapezoidal 
block of thickness h taken very small. 

This is located below the section A BCD, al- 
ready designed. 

Let, (fig. 104) 

W = weight of portion ABDC, 
= weight of portion CDFE, 
W = resultant of W and G, 
A = area of A BDC, 
A' = area of CDFE, 






Fig. 104. 
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m = distance of line of action of Vf from C, 
n = distance of line of action of W from Ey 
I = length of joint CZ>, 
X = required length of joint EF^ 
y = batter of CEy 
h = thickness of section, 
p = limiting intensity of pressure at F, 
d = depth of water a.t E = heigth of dam above this point, 
q = limiting intensity of pressure at E, generally greater than p, 
w = weight of a cubic unit of water, 
w' = weight of a cubic unit of masonry, 

8 = specific gravity of masonry = — . 

As long as C E 18 made vertical, the value of a; is: 

x = \/B + C^—C (1) 

^=7A+"r-+^' "^^ ^=:2lT^ + ^J- 

The value of n is given by 

»= ATT-- <2) 

X 

Equation (1) can be used so long as n>>-. 

o 

In treating the next trapezoidal section, the portion A BFE is 
the known portion, the various properties of which are to be substituted 
for like properties of A BCD in the above equations. Then the new 
value of m is 71 of equation (2). 

X 

Third stage. The face CE must be battered so that n = ^ , then: 

o 



in which 



X 



=VM+a+lHM) <" 



2A(x — 3m)— hP 
^~ 6A + h{2l-^x) ^ ' 

Fourth stage. If after using formulas (3) and (4), it is found that the 
value of the pressure on the front face exceeds p, this formula is to, 
be used for x: 

'^ (6) 



y p 



this value being used as soon as it becomes larger than that found by 
means of (3). The batter is still found by (4). 

Fifth stage: When the pressure on the back face equals q then 

x = yDl^E^-\-E (6) 
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in which 



d« 



a Tp + q 



w 



A + 



Ih 



E-. 



The batter in this caae is given by 



(7) 



Equation (6) is to be used when the value of x is greater than that 
found by (5). 

The value of n in this case is : 

2 1 qx^ 

Although the above fcimulae do not take into consideration the effect 
of the force of waves, nor the thcck produced by floating bcdies, never- 
theless they do give satisfactory profiles with ordinary conditions. 

75. Bouvier's Method. 

Consider a dam having a profile A BCD as illustrated in fig, 105 and 
let it be required to calculate the stresses at a point Jf situated on the 
downstream side. 

The effect of the resultant S 
on ABMN is greater than that of 
the resultant acting on ABME. 
Effectively, in the latter case, the 
weight of EMN and the water 
pregfeure along EN aie disregarded, 
both having an influence on the 
stress at the point M. 

If the resultant S is distributed 
along MN and also along EM, it 
will be found that the stress in M 
will be greater in the first case than 
in the second. The result of this 
observation is that according to the 
inclination or situation of the joint, the stresses in M will be different. 

In order to obtain the maximum stress in the masonry at the point 
Jkf , the joint M N' which is perpendicular to the direction of the resultant 
ought to be considered; as it is, the effect of R on this joint is much greater 
as the distance O'M is smaller than OMJ 

The weight of the triangle N MN' and the effect of water pressure 
along NN' are neglected in computing the stress at M, and in this compu- 
tation, the length MN'' is considered to be the length of the joint in con- 
sideration. 




Fig. 105. 
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If a is the angle formed by the resultant S and the normal, a the 
length MN and P^ the vertical component of the resultant, this resultant 
will have for value p' 

cosa 
an(} according to Bouvier, will be distributed along 

MN" = acoBa' 

76. Guillemain's Method. 

This engineer considers the section MN\ fig. 105, as resisting the 
weight of the section ABMN\ and the water pressure along AN\ but 
not, as Bouvier, only the forces acting above MN. The result of this 
consideration is to give the down stream side of the dam a convex shape 
as shown in figure 106. 

The down stream side is therefore calculated by considering each fic- 
titious joint ab as having such a width that any oblique joint ac, ad etc., 
radiating about a, offers no smaller stress at a than that which is calcu- 
lated by taking a 6 as the base. 




^'^ ^j <?< ■ ^^3>. ^ ^/. ' ^^ i * ^ 




{"ig. 106. 



Fig. 107. 



77. Levy's Method. 

The principle on which this method is based consists in that at any 
point along the upstream face, the compressive stress in the masonry must 
not be less than the water pressure at the same point, and that, if any line 
is drawn across the profile, there be no tensile, no crushing nor sUding 
stresses at any point along said line. 

78. Ruffieax's Method. 

This French engineer gives the following method for determining the 
profile. 

Suppose a profile as per fig. 107, and call 

a = area O'A'OA 

b = area CA B 

c = a,TeA A' B' DC 
The equation of the curve of pressures (reservoir empty) is given by 

^j ^^i 

+ 6"^(a + 6-fc) 
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in which r ^ is the distance, positive or negative from the center of gravity 
of the sirea d to the Une of action of the resultant force of a and 6. The 
equation of the curve of pressures (reservoir full) will be given by 

3«(a + 6 + c) 
in which 8 = specific density of masonry. 

If tan a = y^ — > ^h© value of e becomes: 

It is better to mak€ the area c as small as possible so that the point 
D be very Uttle below the water level line. 

79. Thiery's Formula. 

Let H == height of dam ; 

X = length of joint at ~ ; 

S = slope of downstream side ; 

n^= coefficient of resistance to compression (7 kg per sq. cm); 
W = weight of one cu. meter of masonry (2250 kg) 
then 



3Sn + 2\/n 3n(iS« + ^) - J5r(5*+ 400o) 



H 2(Zn—^WH) 

If S = 0.60, the formula gives 

f^ — i 
H~3' 

The width at the top will then be 

2\3 2/ 
and the width at the base = 

80. StabUity of Masonry Dams. Example of Calculation.^ 

Suppose a section of masonry dam as per fig. 108. The weight of ma- 
sonry will be taken at 140 lbs. per cu. ft. The weight of water = 62.6 lbs. 
per cu. ft. 

The water pressure at any point is given by 

62.5 g« 
2 • 

The dam being 30 feet high, 6 divisions of 5 feet each are made. Call 
Wit W2, W^ etc., the weight of the masonry above joint 1, 2, 3 etc., 

^ All calculations have been made with a slide rule. 
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and i?i, i?2> ^8 ^^^ resultant forces of water pressure and weight of ma- 
sonry at the subdivisions. 

Denoting by A^, A2, A^ etc., the area above each joint, we have 



A,. 
A, 



5 X 5 = 25 sq. ft. 

?iix 5 = 57.5 sq.ft. 



A, 



8 + 11 



A, = A, + A,- 

A, = A,+A^ + A^- 



X 5 = 105 sq. ft. 



11 + 14 



X 5 = 167.5 sq. ft. 



^ = il, + ^ + ^ + ^,. 



14+17 



X 5 = 245 sq. ft. 



Tr,= 25 xl40= 3500 lbs. 
Trj= 57.5x140= 7550 „ 
W, = 105 xl40 = 14700 „ 
W;--= 167.5x140 = 23450 „ 
TFe = 245 X 140 = 34400 „ 



17-4-20 
Ai=ili+^+^+^,+J^j+i^-3l£!^x5 = 337.58q.ft. W; = 337.5 x 140 = 47250 



The water pressures are as foUows 
i.._?H-.?|<f_3S21be P.- 



62.5 X 10' 



= 3125 lbs 



Sfii — =. 



^.= 



^5 = 



P.= 



62.5 X 15* 



2 _ 
62.5X20' 



= 7050 lbs 



62.5x26* 



62.5X30* 



= 12500 lbs 



= 19500 lbs 



= 28126 lbs. 




The resultants will have for value 



U, = ^''3500* + 38?= 3520 lbs 
iJ, = y' 76600* + 3125* = 8100 lbs 
Rt = y/ 14700* + 70^ = 16300 lbs 
R^ = y/23450*+T2600* = 26600 lbs 



R^ = Y^4400* 4- 1 9600* = 39500 lbs 
^« = V *7300* + 28125* = 660001b s 



From figure 108, 
it is seen that the re- 
sultant lines both for 
reservoir full and re- 
servoir empty are in- 
side the middle third. 

The overturning 
moment of water is 

P^X 10 = 28125x10 
= 28 1250 ft. lbs. 



Fig. 108. 
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The resisting moment of the masonry is 

»r^X 13.34 = 47250X13.34 = 630316 ft. lbs. 
The factor of safety against overturning is therefore: 

630 316 



281 260 



: 2.25 . 



For higher dams, the compressive strength of the masonry would have 
to be considered, but for the case here studied the above analysis is quite 
sufficient. 

81. Graphical Analysis of Masonry Dams. 

The investigation of stability of dams by means of graphic statics 
is illustrated in fig. 109, which is self-explanatory. As in the analytical 
method, the cross section must be subdivided into tri^pezoids, and the point 
where the resultant cuts the successive joints is determined by means of 
the triangles of forces as illustrated. 



82. Upward Pressure due to Seepage. 

Percolation exists in and beneath most masonry dams, and the result 
of this percolation is the development of upUft pressures. In cases of 
serious infiltration, a large portion of the weight of the structure is lifted 
and the sliding resistance is thereby greatly reduced. There is no doubt 
that water under pressure can penetrate the horizontal joint between the 
masonry and th^bed rock, and also the planes joining the days work. A 
failure of a dam in such conditions is to be feared. 

In order to prevent infiltration and therefore upward lift, Mr. F. R. 
Hayton suggests the building of a trench in the rock parallel to the up- 
stream side of the dam and spaced 5 to 10 feet in front of it. Such a trench 
may be 2 or 3 feet in depth, and is to be filled with coarse gravel or rock 
so that water cail readily go through it. At the center or lowest point, a 
drain pipe is run under the dam to a point below it for the purpose of con- 
ducting any leakage into the trench outside. Such a pipe must be well 
grouted with a rich cement to ensure no leakage below the trench or 
weakness in the structure. 

It has also been thought that another solution of this problem consi- 
sted in anchoring the dam down to the rock by means of rails and chains, 
and depending on such anchorage to resist sliding, which as has been said, 
may be caused by infiltration of the water under pressure between the 
foundation and the bottom of the dam. Such anchoring is dangerous because 
it is difficult to anchor a steel rail into the rock for such purposes and the 
steel itself may rust on account of masonry dampness. 

The best method seems to be the arching of the dam in plan and solu- 
tion by this means is to be sought whenever possible. 
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83. Curved Dams. 

A wide difference of opinion still exists among engineers as to the 
effective value of the arch in dam construction. 

According to Delocre, a curved dam will act as an /arch if its thickness 
does not exceed one- third of the radius of its upper face, while J. B. Krantz 
asserts that a radius as small as 65 ft. is ample to allow a dam to act as 
an arch and transmit the water pressure to the sides. It is undoubtedly 
true that such structures do transmit the water pressure laterally, and the 
best proof of this statement consists in the fact that some dams of this type 
are so slender in profile as to be absolutely unstable were they built 
straight. 

It is a recognized fact that the curving of a dam enables it to resist 
the tendency to vertical cracks due to temperature variations. 

Mr. H. M. Wilson* says: "An additional advantage of the arched 
form of dam is that the pressure of the water on the back of the arch is 
perpendicular to the up-stream face, and is decomposed into two components, 
one perpendicular to the span of the arch and the other parallel to it. The 
first is resisted by the gravity and arch stability, and the second thrusts 
the up-stream face into compression, which has a tendency to close all verti- 
cal cracks and to consoli date the masonry transversely. An excellent manner • 
in which to increase the efficiency of the arch action in a curved dam is that 
employed in the Sweetwater dam. This consists in reducing the radius of 
curvature from the center towards the abutments. The good effect of this 
is to widen the base or spring of the arch at the abutments, thus giving a 
broader bearing for the arch on the hillsides. The effect of this is seen in 
projSctions or rectangular offsets made on the down stream face of the 
dam, the center sloping evenly, while the surface is brocken by steps when 

it abuts against the hillsides Though the cross-section of 

a curved dam may unquestionably be somewhat reduced, it would be un- 
safe to reduce it as much as has been done in the case of the Bear Valley 
and Zola dams, though these have withstood securely the pressures brought 
against them. It might with safety be reduced to the dimensions of the 
Sweetwater dam, thus saving largely the amount of material employed". 

In England there are several dams which have bases equal to about 
one third their heights, and in one instance this ratio is as small as one- 
seventh. In the design of such dams, the following formula is used : 

^~ S 
in which 

T = thickness of the arch ; 

S = radius of up-stream face; 

P == water pressure ; 

8 = allowable unit compression stress in the arch. 

This formula naturally assumes a shell so thin as compared with the 
radius that the compressive stress is imiformly distributed over the 

* H. M. Wilson. Manual of Irrigation Engineering. 
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cross-section. When the thickness becomes large in comparison with the 
radius, this assmnption should be no longer made, for the stress is not then 
uniformly distributed. In such a case the dam really becomes a thick, 
hollow cylinder and should be designed accordingly. 

Some engineers are of the opimon that when the upper part' of a 
curved dam is of greater length than the lower part, there is a greater defor- 
mation at the top, and undeterminate stresses are introduced rendering 
calculations very difficult. It is now commonly conceived that the curved 
dain is best suited to a deep and narrow gorge, where these unequal stresses 
are unlikely to be of any importance. 

An arched dam of a type in many respects different from ordinary 
American practice has been designed for the Agua 
Pura Company, of Las Vegas, N. M. This dam, 
fig. 1 10, will have a maximum height of 60 ft. and 
a thickness of 16| ft. at the base, corresponding 
to a pressure in the arch of 360 lbs. to the square 
inch. It has been designed with the idea of later 
inoibasing its height. 

As between an arched dam and a straight 
dam with a gravity section, estimates showed that 
the former type would require less than two 
thirds as much masonry as the latter. The mouth 
of the canyon is narrow, with rather steep sides 
and with rock showing at the surface over about 
one half of the site of the dam. The contour of 
the surface is well suited for the abutments of 
an arched dam. Several trials led to the laying 
out of an arched dam with a radius of 260 ft. 
for the up-stream face, in which the curve would 
be approximately normal to the direction of the 
contours. Designs were therefore completed on 
this basis. 

Table XXXVII, compiled by Mr. C. W. Sherman, gives the principal 
details of curved masonry dams. A reinforced masonry dam of the krch type 
built on the Cache la Poudre River, Colo., is analyzed as follows by its 
designer, G. N. Houston in the Engineering Record : the analysis of the 
stresses in the dam being based on the following assumptions : 

a) That the high water level is 9.7 ft. above the spillway, that is, 
to the top of the dam. 

b) That the dam resists the water pressure partly as a cantilever beam 
and partly as an arch. 

c) That the center of gravity of the compressive forces is at a point 
distant from the down stream face 0.15 of the effective thickness 
of the dam. 

d) That the dam section is a complete triangle, thus making the perpen- 
dicular line through the center of gravity of the section cut the 
base at a point one third the thickness of the dam from the rear 
face. 

e) That the safe load (tension) on the reinforcement is 12 000 lb. per 
sq. in. 
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Fig. 110. Section through 

Crown of present 50-Ft. 

and proposed 95-Ft. Las 

Vegas Arched Dam. 
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f) That the neutral axis of the dam, considered as a beam, is at a point 
0.4 the effective thickness from the down stream face. 

g) That the thrust in the arch is uniformly distributed over the thick- 
ness of the dam. 



Table XXXVII. Principal details of curved masonry dams. 



Place 




Thick- Max. Stress 

'in Arch. Lb. 

Top I per Sq. In. 




Date 



Katoomba, N. S. W. . . . 
Picton, N. S. W. ... 

Winchester, Ky. ... 

Qn. Charlotte Vale, N. S. W 

Parkes, N. S. W 

Uthgow No. 1, N.S.W. 
Wollongong, N. S. W. . 
Cootamundra, N. S. W. 
Wellington, N. S. W. . . 

Bear Valley, Cal. . . . 

Mudgee, N. S. W. . . . 
Parramatta, N.S.W. . 
Lewiston, Ida.^ .... 
Tamworth, N.S.W. . . 
Medlow, N. S. W. . . . 
Lithgow No. 2, N. S. W. 
Sweetwater, Cal. . . . 

Ithaca, N.Y 

Barossa, S. Aus 

Zola, France 

Cheesman, Col 

Pathfinder, Wyo. . . . 
Las Vegas 



233 

186 

498 

155 
873 
155 
311 
389 
311 

825 

311 
223 
475 
311 
186 
155 
188 
283 
242 
196 



181 

350 
300 



220 320 Sandstone 
120 112 Sandstone 

318.4 407 



90 
300 I 
100 ' 
200 j 

250 I 
150 

335 

i 253 
I 160 

286.5 

250 
60 

100 

222 
67.85 

200 

158 

399.89 

at top 

1(150 at 
center) 
(186.5 
at base) 
I 250 
250 



118 Quartzite 

540 Granite 

178 Sandstone 

535 Basalt 

640 Granite 

350 Conglomerate 

800 ' Granite 



498 
225 
288 
440 
124 
221 
380 



205 



Altered slate 
Sandstone 

Granite 

Sandstone 

Sandstone 

Shale 



Granite 



210 
390 



Sandstone 



1905 
1897 



1898 
1897 
1896 

1898 
1899 



1899 



1898 
1906 
1906 

1903 
1903 

1900 



1910 



The general method used is to assume the safe load on the reinforce- 
ment, find what part of the water pressure can be safely carried by the dam 
considered as a beam, and then assume that the arch carries the remainder 
of the pressure. 

In the following equations the various functions are represented by 
the following letters: 

P = total overturning pressure on the dam, in tons ; 
p^' = that .part of P assumed to be sustained by the beam action, 

in tons; 
P' = that part of P assumed to be sustained by the arch action 

in tons; 
w = weight of 1 cu. ft. of water in lbs. ; 
r --= radius of curvature of dam in feet, == 324; 
<= thickness of the dam at any point, in feet; 
h = height of the dam at any point in feet; ^ j 
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W == weight of masonry in the dam above any point, in tons; 
T = thrust in arch duei;o P', in tons per square foot; 
y = assumed sttess in steel, in tons ; 

c = maximum compression in the outer face of the dam due to 
beam action alone, in tons per square foot; 

z = total compressive stress in dam due 

to beam action alone in tons; 
q = that part of the pressure at any point 
sustained by arch action alone, in 
tons. 
A diagram of the stresses acting on the datm is 
given in Fig. 111. 

Expressing moments around the center of gra- 
vity of compression forces, we get ' 




ip"A — Tf (m + 0.6— ^^)-ym=0. 



(\7 Tons ofCUim aHdm f 
y {i,7Tonsatei30,maiO fc 

Fig. 111. Diagram of 

Stresses acting of the 

Dam. 



Solve for P". 




Then 






P' = P- 








y=?r. 



P" 



To determine c, take moments around y\ 

|p"A+»rQ< — 0.5)--c(o.2^ — 0.l)m = 0. 

Solve for c. 

The stresses obtained by this method are shown in Table XXXVTII. 

Table XXXVIII. Summary of stresses. 



Elevation. 


Tension in steel, 

in tons 
per square inch. 


T 


c 


62.3 Spillway 

60 


0.0 
0.0 
4.5 
6.0 
6.0 
6.0 
6.0 
6.0 
10.0 


0.0 
0.0 
0.0 
4.4 
7.2 
7.5 
9.3 
10.5 
9.1 


— 


50 Calculated 

40 Assumed 

30 „ 

20 „ 

10 n 

« : :::::: 


5.8 
8.0 
9.7 
12.3 
13.5 
15.7X 
16.3/ 



The factor of safety is about 6. 

84. The Spillway Dam. 

This sort of dam is frequently used today in connection with low and 
medium head developments on rivers with a large discharge. 

The author^ has determined an equation of the economical minimum 
shape for a spillway of the ogee type assuming the following data : 



La Technique Modeme. Paris, Aug. 15 and Sep. Ist 1912. 
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Weight of one cubic foot of water = 62.5 lbs 
Density of masonry = 2.6 

The equation is 

3Vhx[x-\-H]-{-h x 
4x 



B 
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\ 
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A 



B = ^ 



^ SVFx(H*x)*hx , 



fx 



where (see fig. 112). 

B = width of base (toe not con- 
sidered) ; 

U = height of spillway in feet ; 

A ==» height of overflow in feet; 
x,y=^ coordinates of parabolic face 
of dam. 

Table XXXIX gives the values of 
z and y for dams from 20 to 100 feet 
high and overflows from 2 to 16 feet 
deep. 

For any case, knowing H and h 
take the corresponding value of x as 
per table and substitute in above 
equation. 

Suppose a spillway dam to be 70 
feet high with an overflow 9 feet deep 
over the crest : The corresponding value 
of a; is 21. 16, from table XXXIX, which 
substituted in the above equation gives : 

[9V2 rr6X 91 . 16] + [9X21 .16] 
" 4x21.16 

B = 46.84 feet. 

Of the severfi^ elements which enter into the computations of stability 
of a spillway dam these only enter in this equation 

Ist: Water pressure for static conditions, weight of the overflowing 
nappe not being considered; 

2nd: Weight of masonry €kcting by gravity alone; 

3rd: The possibility of vacuum effects under the overflowing sheet 
is eliminated, the parabolic face the dam cutting 
into the falling sheet. 

Having therefore determined the width of 
the base for a specified case, it is obvious that 
there still remains to analyze the profile with 
reference to the other conditions which render a 
dam safe and which are enimierated in the para- 
graph on masonry dams. 

Another formula giving the depth of the 
joint in which the resultant of water and ma- 
sonry forces leaves the middle third is the following*: 

y« — 3.8Ay— 12.8A^ = 

* Atti della Associazione Elettrotecnica Italians. Vol XV. Page 757. 
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in which 



h and y are as per figure 113, being given the condition 

y 



_ 



The figure shows, however, that the ogee face extends down to the 
base of the dam, the profile being therefore different to that shown in fig. 112. 

Table XXXIX. 



Height 

of 
Spillway 






Height of Overflow h 






h = 


= 2 


h = 


= 4 


h = 


= 9 


h = 


= 16 


H 


y 


X 


y 


* 


y 


X 


y 


X 


20 


2.24 
2.15 


4.00 
3.65 














25 


3.98 


13.25 




30 


2.11 


3.50 


3.51 


10.04 










40 


2.06 
2.03 


3.31 
3.20 


3.20 
3.08 


8.18 
7.51 










50 


6.79 


39.44 




60 


2.01 


3.13 


3.03 


7.13 


5.44 


24.30 






70 


2.00 


3.10 


2.96 


6.86 


5.11 


21.16 






80 


1.99 
1.98 


3.06 
3.03 


2.91 

2.87 


6.60 
6.40 


4.89 

4.77 


19.18 
18.15 






90 


8.98 


68.98 


100 


1.97 


2.99 


2.85 


6.30 


4.67 


17.31 


7.77 


50.27 



85. The Siphon SpiUway. 

Ordinarily, the surplus of a river flow is discharged over a spillway 
dam of sufficient length to let the required amount pass. When however, the 
volume is large, the spillway must be long, and sometimes conditions exist 
which make a long spillway undesirable or impossible. 
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Front Etei^afion 
Fig. 114/115. Details of Siphon Spillway at Lock No. 9. Champlain Canal. 
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Fig. 114/115 shows a seotion of siphon spillway used on the Champlain 
Canal. The siphon action is automatic in both starting and stopping of the 
flow, and the fluctuation of the water surface is limited to about one foot. 
Each of the siphons has an area of 7| sq. ft. Acting imder a head of 10.5 ft., 
each will discharge about 160 cu. ft. per sec. The inlet of the siphon is placed 
well below the water surface, and is protected by a screen to prevent the 
entrance of floating bodies that might happen to drift into the pipe and 
lodge in one of the several bends of the siphon. In order to reduce the 
loss of head due to entry, the inlet is flared out to double the normal 
area. As the siphon will not come into action until completely filled with 
water, it was necessary to Umit the height at the crown to 1 ft., but the 
necessary area was obtained at this point by increasing the width. From 
the crown to the outlet the siphon is practically imiform in area, though 
the dimension were changed from 1 x 7| ft. to 2 x 4 ft., in order to 
give a better section to the masonry, and also to facilitate the removal of 
forms used in construction. At the crown, where the removal of forms would 
have been difficult^ iron castings were provided, which were left in the 
masonry. Three vents, each 6 in. high, 12 in. long, pierce the wall at low 
water level above the inlet of each siphon. When the water has been drawn 
down to this level, air will enter through these vents and stop the flow 
through the siphon. A little below these vents a single opening of the same 
size €W5ts as a precautionary vent to break the flow in case the upper openings 
become clogged in any way; by freezing or otherwise. 



86. Flashboards. Mechanical Aspects.^ 

In order to increase the height of a dam during low water and so to 
dispose of a higher head than would be otherwise possible at the moment^ 
when such increase is most opportune, it frequently is necessary to adopt 
a system of flashboards designed to give way when the water reaches a 
specified elevation. In the case where iron pins are used to resist the water 
pressure on the flashboards, a certain fiber stress per imit area is assumed, 
at which the pins are expected to bend and release the boards. However 
it must not be forgotten that some variation naturally occurs in the condi- 
tion of the fiber of the iron used for such pins, and in assuming a definite 
maximimi fiber stress as a base for calculations, such stress may vary in 
such a large proportion to the actual existing stress when the pins begin to 
yield, that probably the system as calculated will not give the results ex- 
pected and the job of calibrating the pins or adjusting the height of the 
flashboards will be left to actual experience after a few seasons of actual 
service. 

This study consists in the development of a formula which shall give 
off hand and as accurately for practical purposes as the variation in fiber 
will permit, the maximum head of water over the crest of the dam for 
which the pins will bend and release the boards. With this end in view, 
an analysis will first be made of the bending conditions of the pins from 
actual tests. The calculations are based on the results of observations of 
the flashboards at the Essex dam, Lawrence, Mass., see fig. 116. 

* The Author in Engineering Record. Aug. 22. 1908. 
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The pins are of Wayne iron, 1| in. diameter and 3 ft. 6 in. long. These 
pins are placed in holes in the masonry about 6 in. in depth and 20 in. 

apart. The flashboards are 3 ft. 
^^^^ — high, reaching the top of the pins 

when in position. The crest of the 
dam is at El. 34.12, the top of the 
flashboards at El. 37.12. When the 
water reaches El. 40.20, the pins be- 
gin to bend. 

In the following study (see 
fig. 117) let 

height of water in feet above dam crest when pins begin to 

bend; 
x^ = height of water in feet above flashboards when pins begin to 

bend; 
X — Xi = A = height of flashboards in feet; 
8 = spacing of pins in feet; 
d =» diameter of pins in inches. 

The total pressure pertaining to one pin is 

• 62/5(a; — a:J(x + xJ 
2 

The water pressure on an element dx of the flashboards is 62.5 sxdx. 
The moment of such an element with reference to the surface is 
%2.6 8X^dx. 

The total moment is 



62.5 « 



\x*dx = 



62.5a(»»— x/) 



«i 



Call Zi, the depth of the center pressure, then 

1 1 



62.6»(ir« — a:i»)x 



or 



2(«» — a:i») 



_ 62.5tf (»» — g /)x 2 
*' "~ 62.5 * (a;« — x\^) xi ~ 3 (x" — a;,«) * 

Therefore, the arm of the bending moment will be 

2(«» — x/) 



2 = a; — z. 



3 (x" — asi") ■ 
The bending moment itself may now be written 

if = 62.5i(.«-x,«)[«-||J=:-^J]xl2 
= 375 8 (x» - Xj«) \x-l (*--^l)1 



3(x« — Xj«)J 



(1) 



Let us apply this formula to find the moment for the Lawrence River 
dam flashboards: 
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Here 

X = 40.20 — 34. 12 = 6.08 , 
• A = 3, 

a?! = 6.03 — 3 = 3.08, 
^= 1.667 ft., 
dr= 1| inch. 

Substituting respectively these values in (1) we find: 

M = 22,800 inch-pounds. 

This moment is equal to the resisting moment of the pins, Vhich is 



Therefore 



32 • 

0.098 fJP = 22,800 inch pounds ; 

/•= 69,500 lbs per square inch.. 




Side 






-9=^ 
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Plan. 
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Fig. 118. Detail of Flashboard Construction. 



It is seen then that when the pins begin to bend, the extreme fiber stress 
is 69,500 lb. per square inch. 

Assuming now this amount of fiber stress per unit area, we will develop 
a formula in which, by interpolation, we will be able to establish the 
different functions exerting their influence on the bending of the pins. 

Returning to expression (1) and equating it to the resisting moment 
of the pins, we have for a general case: 

2(a:« — a?i»)' 



375^(a:« — a:!^) 



X : 



3(x- — a:,*)J 
f being 69,600, as determined before, so 

2 (a:» — x^^) 



= 0.098 /•(£», 



8(x' — x^'') 



= 18.12(p. 



Z{x'-x,^)\ 
Decomposing in factors and remembering that x- 

8h {x^ + xx^ — 2x,^) = 54.36 d^. 
But from x — Xi = h, there results Xi=^ x — h. 



.x^ = h we have 



Digitized by 



CmOo^z 



138 Dams. 

Substituting this value for Xi, we derive 

«h (3xh — 2 A») = 54.36 i* 



from which 



18.12d» , 2, 



This, formula gives theoretically the head of water that will make 
Wayne iron pins bend, knowing the diameter and spacing of pins and the 
height of flashboards. 

To check the formula with the Lawrence dam flash boards make 

d=l|, 
tf= 1.667, 

A = 3, 

we have 

1.667x9 ' ' 

• 

It seems manifestly fair, then, to apply this formula to all cases where 
the same kind of iron as here is used for the pins. 

Fig. 118, shows the details of flashboard construction in connection 
with the Las Vegas dam, and fig. 119 gives the flashboard details of the 
Schaghticoke dam. 

87. Movable Dams. 

These are usually used when the low water surface can be raised to an 
appreciable extent, provided flood conditions are taken care of. Mov- 
able dams are so constructed as to be raised or lowered a.ccording to 
the fluctuations of the water level. The moving parts may consist of a gate, 
such as the Stoney Roller sluice gate. Pig. 120. These gates move in ver- 
tical grooves on roller trains in the abutting piers. The arrangement is 
such that the gates move twice as fast as the rollers; both the rollers and 
the gates being coimterbalanced, it is easy to operate them by hand. 

Another movable dam is illustrated in Fig. 121, built in connection with 
the BioGiiaso irrigation system. When in service, the shutters are maintetined 
in a vertical position by the pressure of the water on the upstream side 
forcing the lower edge against a stop in the top of the spillway, and pulling 
against inclined tension rods pivoted at the upper end to the shutters near 
their center point and anchored to the masonry at their lower end. The 
tension rods are adjustable by tumbuckles and can be connected to the 
shutters at six different points to provide for corresponding heights of water. 
When the water rises on the upstream side to a certain height above the 
pivoted connections, the unabalanced pressure on the shutter causes the 
upper edge to revolve downward and the shutter assumes a horizontal 
position, allowing the flood water to pass without much obstruction. After 
the flood has passed, the shutters are easily Ufted by two men, with a chain 
hoist suspended from a light movable frame. 

When they are collapsed the lower edges of the shutters, fitted with 
soUd curved steel shoes, travel horizontally on steel track plates. Blowoff 
pipes, closed at the upper ends by conical valves, are provided to take 
the sediment out, of the masonry recess at the foot of the shutter gates. 
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Transversal Eleyation of 
Flashboards. 



Longitudinal Elevation of Flashboards. 
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1 f 2 3 

Head of Wakr abwi CrtstofOam 

Boston and Maine R. R. Bridge. 







Max. high water elevation over Grist 

Mill dam . . 301.00 
Elev. crest of dam 295.00 

Head 6.00 Ft. 
Length of old dam 390 Ft. 

Q == 3.33 X 390 X (6)* = 19,091 Cu. ft. sec. 
Length of new dam = 677.37 Ft. 

f 19,091 ^t 
^®*^=V3.33x 677.37; = 4.15 ft. 
Elev. crest of new dam . . . 305.00 
Height of crest for 4.15' head —.50 
Elev. of theoretical crest . . . 304.50 

Head 4.15 

Elev. high water over new dam 308.65 
Discharge through the 3 sluice gates, when water 
is at el. 308.65 = 3500 Sec. ft. 
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Fig. 119. Detail of Flashboard Arrangement of the Schaghticoke Dam. 
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Fig. 122 is a type of movable dam used in 
comiection with the Chicago Drainage Canal. The 
movable crest is built of structural steel shapes 
and steel plates, and ^is practically a 45 degree 
sector of a cylinder with a 26 foot radius. Each 
sector is hinged horizontally along the axis of 
the cylinder of which it would form a part, to the 
top of back wall on which it is mounted on the 
downstream side. The radial deck plane and the 
curved upstream front of the sector are made 
water tight with steel plates, the deck being pro- 
vided with steel angles for ice-skids. The deck 
plane, and the lower radial plane and the curved 
face are heavily reinforced by intermediate steel 
frames. When the crest formed 
by the intersection of the curved 
face and the radial deck plane is 
at the maximum operating height, 
the lower radial plane of the sector 
is horizontal. As the crest is lower- 
ed, the sector rotates on its axis 
and moves into a space 
in the concrete base, 
which is also approxi- 
mately a sector of a 
cyUnder , of about 
the same radius as 
that of the crest, the 
radial deck being ho- 
rizontcJ when the 
crest is at its lowest 
position. 

An automatic type 
of dam, which has 
been successfully used 
in Europe, and illu- 
strated in fig. 123, is 
described as follows by E. Lauchli in the Engineering News: 

"The automatic dam is composed of a movable part or panel resting 
at the bottom on a knife edge, and fastened at the top to a compensating 

roller made of steel plate and filled 
with concrete. This roller moves 
along a track located at each of its 
ends, and is so designed as to take, 
at any height of water upstream, a 
position such as will give the apron 
the inclination necessary for dis- 
charging a known amount of water, 
and in so doing will keep the upper 
pool at a constant fixed elevation. 




Fig. 120. Stoney Roller Sluice Gate. 
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Fig. 121. CrosB Section of Shutter Gate and 
Dam, Rio Guaeo Irrigation System. 
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With the roller at its highest position the panel lies horizontally, and 
the full section is then available for discharging water. Any debris such 
as trees, or ice cakes etc., will pass over the dam without any difficulty, 
even during excessive floods, as 
the compiensating roller is loca- 
ted high above extreme flood 
level. 

The dam is located on the 
river GrafenauerOhe, in Bavaria, 
and regulates the water level at 
the*intake of a paper mill located 
at some distance from the power 
house. The dam has a panel 
24.27 feet long, 6.86 ft. high and 
during normal water level will dis- 
charge 1400 cu. ft. per sec, while 
at j^ flood time it will pass 3530 cu. ft. per sec. As shown in fig. 122, 
the main body of the dam is made of a wooden plank construction laid on 
a steel frame. The panel is connected with the compensating roller at each 
end by a flexible steel cable, wound around the roller end, and then fastened 




Fig. 122. Butterfly Dam, Chicago. 
Drainage Canal Power Plant. 




vertical. Section 



Half Front Elevotion 



Fig. 123. Details of small Automatic Dam. 



at the upper end of the roller track to an eye bolt. A simple form of roof 
construction protects the roller track from rain and snow. The panel is 
made water tight at each extremity by means of galvanized sheet iron 
held tight against the abutments by water pressure. This type of construc- 
tion has so far proved to be very effective as to water tightness. 

It may be needless to point out that this type of dam can also be fitted 
to the crest of overflow dams of ordinary cross section and then fulfil the 
duty of movable flash boards." 
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88. Intakes. 

Intakes may be of two classes depending on the system of canying 
the water to the power plant. This may be done by means of pressure pipes, 
or by an open canal. In intakes of the first class the end of the 

pressure pipe is generally im- 
bedded into the concrete; the 
masonry being calculated to resist 
against the overturning effect of 
the head water. Steel gates, 
wooden stop logs or butterfly 
valves are provided, together 
with a system of racks and a 
vent pipe to prevent the col- 
lapse of the pipe due to a 
possible vacuum when emptjnJig 
the pipe Une for inspection or 
repairs. 

Pigs. 124, 125 and 126 show 
the general layouts of pressure 
pipe intakes. If the intake dis- 
charges water into a canal, the 
W' ^ . . . ../ ; \j, upward water pressure under and 
along the opening must be con- 
sidered, a thing that is not ne- 
cessary in the case of pressure 
pipes, as the metal takes care of 
the upward thrust. 

Fig. 127 shows the analysis 
of a canal intake of given di- 
mensions, supposing the gate 
closed (no upward thrust). Still 
tail side water. Conditions are 
\s follows: 




Fig. 124. Intake with Sluice Gate. 




Fig. 125. Intake with Pivot Gate. 



Fi^. 126. Intake with Stop^Log only. 
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Depth of water = 41.6 ft. 

Water pressure per lineal foot at bottom = 62.5 X 41.5 = 2590 lbs. 

41.5 
3~ 



Arm of moment (water) 

2590 
2 



Total presssure 



13.83 ft. 
X 41.5 = 53,700 lbs. 



Water pressure at bottom of downstream side = 4.5 x 62.5 = 281 lbs. 

281 
Total water pressure tail side = -—x 4.5 = 492 say 500 lbs. 




Fig. 127. 



Resultant water pressure = 53,700 — 500 = 53,200 lbs. 
For one bay, 10 ft. in width = 53,200 X 10 = 532,000 lbs. 



Arm of moment == 



41.5—4.5 37 



= 12.33 ft. 



= 2.85. 



3 3 

Resulting water moment = 532,000 X 12.33 = 6,660,000 ft. lbs. 
Width of base of intake = 38 ft. 
Thickness of piers = 4 ft. 
The factor of safety against overturning is 
775,000X24.1 
6,560,000 

The intake being located on uneven rock, possibilities of shding are 
taken care of. 

89. Fishways. 

In many cases fish ladders must be built leading from the down 
stream side to the up stream side of the dam, and large enough to easily 
accomodate the migratory fish which will ascend thereby. The laws of 
many States require a fish ladder to be built. 
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Fig. 128 shows in detail a form of fish way approved by the United 
States Commission of Fish and Fisheries and is adaptable for construction 
through any sort of dam. 

The directions of the Commission are as follow: 

The slope of fishway should not be steeper than on a ratio of 1 ver- 
tical to 4 horizontal. Intake, or up-stream endLof fishway should be amply 
large and placed not less than 1 foot lower than the crest of the dam. 

Outlet should be below low -water level, and so located or con- 
structed that fish are naturally led to it when ascending the stream. 




Fig. 128. Sectional Elevation of a Fishway. 



There should be relatively deep water, with an unobstructed flow 
below the outlet of the fishway. An ample discharge of water should attract 
the fish to the outlet. 

There should be plenty of light admitted in the fishway and its con- 
struction should be such as to be readily inspected and cleaned of any 
debris lodging therein. 

The floor of the compartments should be laid slightly inclined, and 
the bulkheads somewhat obliquely across the fishway, so that the current 
of water passing through the compartments can more readily clear the 
same of sand, mud and rubbish. 

There should be no regulating gates or other devices at the intake which 
necessitate the services of an attendant. 

The apertures in the bulkheads should increase progressively from 
the lower to the upper ones, to insure overflow from compartment to com- 
partment. 

The flow of water should be abundant, forming small waterfalls over 
the bulkheads, so that the fish may either jump from one compartment to 
the next above or may dart through the apertures in the bulkheads. 

While the flow of water through the apertures may reach a velocity 
of 10 feet per second, there will be relatively quiet water in the compart- 
ments, thus furnishing a resting place for the ascending fish. 

To maintain the operation of the fishway at an average high water, 
the same as at the ordinary stage of the stream or river, the uppermost com- 
partment is made somewhat longer, and a central bulkhead is inserted 
having its crest at high water level. 

The fishway may be constructed of wood or masonry and iron; it 
may follow a straight line or be built in angles and curves as the local con- 
ditions may require. 
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The size of the fishway depends principally on the volume of water 
available, and can be made larger or smaller than shown on the plan. The 
hydraulic head between two successive compartments must be chosen so 
as to obtain a current velocity through the apertures of not to exceed 10 
feet per second. At low stage of the stream or river, with the fishway flow- 
ing full, there should be a liberal discharge over the crest of the dam. 




Fig. 129. Fishway of Fish Commission, State of Wisconsin. 

The fishway should be built very strong and be well protected against 
the destructive effects of freshets, drift, ice ^tc. 

A fishway of the Fish Commission, State of Wisconsin, is illustrated 
in fig. 129. 



90. Amplitude of Backwater caused by a Dam. 

If a dam is built across a stream, the depth of water just above the dam 
is increased. The longitudinal profile of the water surface is also influenced 
and takes the shape of a parabolic curve. 

The following formula determines the amplitude of backwater for 
canals the depth of which is small as 
compared with the width, as is the 
case with many rivers of wide bed. 

Let (fig. 130): 

H = original depth, 
Kq = depth at the dam or weir, 
h = depth at a distance I up- 
stream, 
I = distance upstream of the point h, 
8 = natural slope of water surface assumed parallel to stream 

bed, 
(7 = coefficient in formula v-^CVRS. 




Fig. 130. 



The distance I is given by the expression 



ho — h , 

MulUr, Hydroclectrlcal Engineering. 



— — i v 



c- 

9 



-(I)]- 



10 

Digitized by 



Google 



146 



Dams. 



In practice, two cases may be met with in the investigations of back- 
water problems: 

h and h^ may be given, required to find I, or 
I is given and one of the depths, required to find the other. 

To solve such problems Table XL must be used to find values of the 



backwater function %p f-^j for specific cases. 
► If H = ^\ Ao=10; A = 6; 0=80; flf = 0.0001; 

First find —=0.4 for which the table gives v^(7v) = 0.0821 and 
- - = 0.6 corresponding to \p{ — \= 0.1980 . 

Inserting these values in above formula gives 



find I 
(K 



Z=- (10 — 6)10,000 + 4 



10,000 — 



80^ 
32.16 




Fig. 131. 



(0.1980 — 0.0821) = 44,643 ft. 

The inverse problem : to calcu- 
late \ or h when I and \ or h is 
given, can be solved only by succes- 
sive trials. In case 8 >^ , a standing 

wave or hydraulic jump is formed, 
the height of which is determined 
by the expression 



=-\K 



in which 



2g 

t;=the mean velocity corresponding - to A. 

Should it be required to 
find the distance upstream to 
the point where the jump oc- 
curs, find this latter expression 
for ^2, substitute this value in 
the former, and solve for I 
(fig. 131). 

In practice, when a case 
is met with in which the slope 
is small, it is better to use the 
following method. 




Fig. 132. 



Let (fig. 132): 

A B = the dam or obstruction, 
F C = the slope of uniform flow. 

The elevation of the point D, with respect to point A is first deter- 
mined by Bazin's formula for discharge. AU observations made on streams 
of small slope agree in the fact that the backwater ceases to be appreciable 
above a point situated on a horizontal line, through E when ED = DC. 
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Having determined the point F, the curve may be plotted by the equation 
of a parabola, the expression of which is 



{lS-2 z,f 
4z, 



where 



8 = natural slope of water surface assumed parallel to stream-bed ; 
I == distance measured from dam to a point up-stream ; 
Zq = the height CD just above the dam; and 
z = the height of point up-stream which it is desired to locate. 

By the use of this equation a series of values z may be determined 
giving the corresponding value of L From such data the backwater curve 
may be plotted graphically. 

Table XL.^ Values of the backwater fundwix. 



B 


^^ [h) 


H 


(^\ 


H 


(^'\ 


H 


(^\ 


h 


h 


^^ Vh) 


h 


^^y 


h 


^y 


1. 


<x> 


0.948 


0.8665 


0.815 


0.4454 


0.52 


0.1435 


0.999 


2.1834 


.946 


.8539 


.810 


.4367 


.51 


.1376 


.998 


1.9523 


.944 


.8418 


.805 


.4281 


.50 


.1318 


.997 


1.8172 


.942 


.8301 


.800 


.4198 


.49 


-.1262 


.996 


1.7213 


.940 


.8188 


.795 


.4117 


.48 


.1207 


.995 


1.6469 


.938 


.8079 


.790 


.4039 


.47 


.1154 


.994 


1.5861 


.936 


.7973 


.785 


.3962 


.46 


.1102 


.993 


1.5348 


.934 


.7871 


.780 


..3886 


.45 


.1052 


.992 


1.4902 


.932 


.7772 


.775 


.3813 


.44 


.1003 


.991 


1.4510 


.930 


.7675 


.770 


.3741 


.43 


.0995 


.990 


1.4159 


.928 


.7581 


.765 


.3671 


.42 


.0909 


.989 


1.3841 


.926 


.7490 


.760 


.3603 


.41 


.0865 


.988 


1.3551 


.924 


.7401 


.755 


.3536 


.40 


.0821 


.987 


1.3284 


.922 


.7315 


.750 


.3470 


.39 


.0779 


.986 


1.3037 


.920 


.7231 . 


.745 


.3406 


.38 


.0738 


.985 


1.2807 


.918 


.7149 


.740 


.3343 


.37 


.0699 


.984 


1.2592 


.916 


.7069 


.735 


.3282 


.36 


.0660 


.983 


1.2390 


.914 


.6990 


.730 


.3221 


.35 


.0623 


.982 


1.2199 


.912 


.6914 


.725 


.31^2 


.34 


.0587 


.981 


1.2019 


.910 


.6839 


.720 


.3104 


.33 


.0553 


.980 


1.1848 


.908 


.6766 


.715 


.3047 


.32 


.0519 


.979 


1.1686 


.906 


.6695 


.710 


.2991 


.31 


.0486 


.978 


1.1531 


.904 


.6625 


.705 


.2937 


.30 


.0455 


.977 


1.1383 


.902 


.6556 


.70 


.2883 


.29 


.0425 


.976 


1.1241 


.900 


.6489 


.69 


.2778 


.28 


.0395 


.975 


1.1105 


.895 


.6327 


.68 


.2677 


.27 


.0367 


.974 


1.0974 


.890 


.6173 


.67 


.2580 


.26 


.0340 


.973 


1,0848 


.885 


.6025 


.66 


.2486 


.25 


.0314 


.972 


1.0727 


.880 


.5884 , 


.65 


.2395 


.24 


.0290 


.971 


1.0610 


.875 


.5749 


.64 


.2306 


.23 


.0266 


.970 


1.0497 


.870 


.5619 


.63 


.2-221 


.22 


.0243 


.968 


1.0282 


.865 


.5494 


.62 


.2138 


.21 


.0221 


.966 


1.0080 


.860 


.5374 


61 


.2058 


.20 


.0201 


.964 


0.9890 


.855 


.5258 


60 


.1980 


.18 


.0162 


.962 


.9709 


.850 


.5146 


.59 


.1905 


.16 


.0128 


.960 


.9539 


.845 


.5037 


.58 


.1832 


.14 


.0098 


.958 


.9376 


.840 


.4932 


.57 


.1761 


.12 


.0072 


.956 


.9221 


.835 


.4831 


.56 


.1692 


.10 


.0050 


.954 


.9073 


.830 


.4733 


.55 


.1625 


.06 


.0018 


.952 


.8931 


.825 


.4637 


.54 


.1560 


.01 


.0001 


.950 


.8795 


.820 


.4544 


.53 


.1497 


.00 


.0000 



From Bresee's "La Mecanique appliqu6e". 
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This approximate method may be appUed to canals and rivers, and 
notwithstanding accidental irregularities due to the influence of slope, 
river cross section and liver bed, the curve as plotted will be found suffi- 
ciently accurate for practical purposes. A case of standing wave of inte- 
resting character is the one that may be formed between bridge piers. If 
a steel highway or railway bridge crosses a stream just above the dam, it 
is of importance to calculate the actual clearance between the bottom 
chord of the bridge and the high water Une, in case the dam is to be built 
in close' proximity to such a structure. Floating ice or other debris may 
cause damage by coming into contact with it, a possible occurrence due to 
the combined conditions of backwater caused by the dam and standing wave 
owing to contraction of river cross section. 

The height of this standing wave as given by M. Bresse is 

Q'' J _i_ 1 



A-.1.1 
in which 



/ = width of contracted channel or clearance between piers; 

L = distance center to center of piers; 

Q = flow with reference to width L ; 

h = height of wave ; 

H = depth of water under bridge ; 

«; = a coefficient of contraction, taken as 0.80, for square piers, 
and 0.90 for piers sharped off in a triangular nose on the up- 
stream side. 
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91. Classification of Turbines. 

Turbines may be classified in several different ways. Generally speak- 
ing, there are three types of turbines: 
Reaction or pressure turbines; 
Impulse or tangential turbines; and 
Limit turbines. 
The turbine of the first type is completely filled with water, or drowned, 
and the water acts by its own pressure (Fourneyron, Jonval Francis); tur- 
bines of the second type are put in action by the head which is con- 
verted in velocity (Girard, Pelton, etc.); limit turbines form the dividing 
line between reaction and impulse wheels and combining many advantages 
of both types (Haenel) they may be considered as impulse turbines with- 
out free deviation. Another classification of turbines may be made according 
to the direction of the flow of water: 

Outward radial flow turbines (Fourneyron, Cadiat) 

Inward flow (Francis, Scheile) 

Parallel or axial flow (Jonval, Girard), direction of the flow being 

parallel to turbine axis; and 
Mixed flow or American turbine (Swain), admission being radial 
inward and discharge axial downward (Fig. 133). 
The Fourneyron turbine, diagramatically represented in fig. 134. is one in 
which the concentric distributor is placed inside the runner. The guides 
O of the distributor are attached to a plate. Such turbines may dis- 
charge into the atmosphere, or may also be drowned, although the use 

of a draft tube is not convenient, never- 
theless favorable results are secured with 
spiral draft chests. The Fourneyron type 
has found application on a large scale at 
the plant of the Niagara Falls Water 
Power Co. (Fig. 135). 
They are of a capacity 
of 5000 HP at an 
efficiency of 75 ^^Z^, dis- 
charge 430 cu. ft. per 
sec. and have a speed 
of 250 r. p. m. The 
buckets are divided 

vertically into three Radial Outward Flow, 
sections in order to increase the part gate efficiency. 





CurftgS 



Fig. 133. Section of Swain Turbine. 



Fig. 134. Fourneyron 
Turbine. 
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Fig- 135. Lower Part of 5000-Horse- 

Power-Turbine, Power-House No. 1, 

Niagara Falls Power Company. 



GuxtK 



If the distributor is placed outside and is concentric with the runner, 
the flow is inward, and the best known wheel of this class is the Francis 
turbine, diagramatically illustrated in fig. 136. Fig. 137 shows a vertical shaft 

turbine built by the firm Voith for 
the Kykkelsrud plant Norway. It ope- 
rates under a head of 52.5 to 62.5 feet, 
with a water consumption of 670 to 
530 cu. ft. per sec. and a speed of 
150 r. p. m. The capacity of each 
wheel is 3000 HP, the water supply 
into the turbine being controlled by 
clam shell gates. The turbine built by 
. Kolben & Co., Prague, Bohemia, and 
installed at the Wiesberg Plant, Tyrol, 
is a compound turbine of the Francis 
spiral type (fig. 138). It consists of two 
turbines mounted on the same shaft, so connected that the discharge 
of one becomes the supply of the other thus reducing the head on each 
turbine from 285 to 142.5 feet. The spiral casing of each turbine is of 
cast iron and made in two parts with an inlet of 33.5 inches diameter. 
Both runners are 41.25 inches in diameter and of cast steel, and have 
19 vanes. With a water consumption of 88 cu. ft. 
per sec., the compound turbine developed 2260 HP, Xi)^f^^v'^>KG ^ 

making 342 r. p. m., and giving with a gate opening of 
30, 60 and 90 per cent, efficiencies of 67, 81 and 
86 per cent respectively. Large reaction turbines 
were installed in connection with the new development 

on the White River, California, their rating being ^ ^ j,^^^^.^ ^^^^^^^^^ 
20400 HP under a head of 480 feet, and a speed of Radial Inward Flow. 
360 r. p. m. The turbine runner is of the high pressure 
Francis type with horizontal shaft. Water is admitted to the runner 
through a cast steel spiral casing. The runner which is also of cast 
steel, divides the water into two lines of flow, and it is discharged > 
from the wheel by two quarter turns to separate draft tubes. The flow 
of water to the turbine is controlled by a cast steel butterfly valve over 
7 feet in diameter. The shaft carrying the. turbine runner is nearly 2 feet 
in diameter and the bearings for it about 16 inches in diameter. In the 
"axiar or Jonval turbine (fig. 139) the distributor and runner are placed 
one above the other about the same axis. The discharge may take place 
either into the ajr, into the tail water, or into a draft tube. Fig. 140 shows 
the Geylin- Jonval turbine as manufactured by the R. D.W^ood Co. of Phila- 
delphia. W is the runner, B represents the buckets, g are the guides 
conveying the water to the buckets. The wheel here illustrated has double 
inlets that are closed by the double cylinder gates C G. This gate closes up 
against the hood C by means of the rods r, which connect with the governor 
mechanism. A tangential wheel of the Girard type is shown in fig. 141. 
The runner is represented by Tf , BB are the buckets, and G the gate by 
which all or a portion of the guide passages may be closed. The gate G is 
connected by the gearings G r with the rod r, which is connected through 
the rocker arm with the governor mechanism. Fig. 142. shows a plan and 
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section of an improved American turbine manufactured by the Dayton 
Globe Iron Works Co. W is the crown and hub of the wheel; B are the 
buckets; Q are the wicket gates which control the admission of the water; 
these are operated by the ring Q r connected through the shaft P with the 
governor. Mr. Gelpke classifies the Pelton wheels as follows: 



III r^ 




Fig. 137. Vertical Shaft Francis Turbine. 

i. With circular nozzles: 

a) Nozzle closed by means of a sliding Cut-oflF. 

b) Nozzle closed by means of a needle placed within the nozzle and 
moving in the direction of its axis (needle valve). 
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c) Nozzle closed by means of an outer sheath surrounding a stationary 
needle and moving in relation to it. 

2. With nozzles square or rectangular in cross section: 

pb) Nozzle closed by means of a sliding cut-oflF, just as in [the [case of 
circular nozzles. 




Fig. 13H. Compound Francis Turbine. 

b) Nozzle closed by a contraction of the thickness of the jet, this being 
Usually accomplished by revolving the upper side of the nozzle around 
a pivot, or a parallel motion in guides. 

c) Nozzle closed by a contraction of the width of the jet, the two sides 
of the nozzle being moved toward each other either by swinging them 
or by their parallel motion, the upper and lower sides of the nozzle 
remaining stationary. 
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Fig. 143 shows a Bell spoon turbine and governor of the Obermatt 
plant, Switzerland. 

The type of turbine to be employed in each case is to be as follows 
according to Thurso: 



1 (jjjjj>r^ 



Guides 
\Runnv 





Fig. 139. Jonval Turbine Axial F!ow. Fig. 140. Vertical Shaft Geylin-Jonval Turbine. 

1. Low Heads, say up to 40 feet: American type of turbine (i. e. 
of the "inward and downward" variety), with horizontal or vertical shaft 
in open flume or case, nearly always with draft tube. For heads up to 
about this limit, the American type of turbine ha« the great advantage 
over all other turbine types in common use. that it gives the greatest 
number of revolutions for a given head and power developed, or the 
greatest power for a given head and diameter of runner. 




Fig. 141. Girard Impulse Turbine. 
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2. Medium Heads, say from 40 to 300 or 400 feet: Radial inward 
flow reaction or Francis turbine, with horizontal shaft, and concentric 
^^ or spiral cast iron case with draft tube. 

3. High Heads, say above 300 or 
400 feet: Impulse wheel of the usual 
type (Pelton); or radial outward flow, 
segmental-feed, free deviation (a Girard 
impulse wheel); or a combination of 
both, with horizontal shaft and cast or 
wrought-iron case, often with draft tube. 



S^^ 




92. Relative Advantages of Reaction 
and Impulse Wheels. 

In cases of low or moderate heads, 
and when there is an ample supply of 
water, the reaction turbine is better 
adapted. Reaction turbines are generally 
drowned, that is to say. set below the 
tail water level, or installed in con- 
nection with a draft tube, and in this 
case the effective head extends from 
head water level to tail water level, a 
condition which cannot be fulfilled with 
impulse wheels, which discharge into 
the air and must be set far enough 
above tail water to be out of reach of 
back water which varies with the 
amount of flow, and if the amplitude 
of variation is important, a considerable 
percentage of head is lost. 

On the other hand, the diameter 
of an impulse wheel may be in- 
creased at convenience, in order to obtain a moderate speed, which is a 
distinct advantage, especially considering that alternators are generally 
direct connected to the turbine shaft; they are therefore preferred for high 
heads. In the same case, the speed of a reaction turbjne would result in- 
conveniently great, although it may be reduced by lessening the gate 
opening, a course which inevitably results in material loss of energy. 
When a wheel must operate under a variable load it also becomes ne- 
cessary to maintain a constant speed, and it is imperative to reduce the 
discharge of the wheel. This also involves a considerable loss of energy. 
Experience shows that a turbine of the impulse type has a marked ad- 
vantage as far as efficiency and low supply is concerned. To prevent the 
loss of head incurred by the part gate operation, the turbine runner may 
be divided into several portions horizontally, one or more of which may 
be entirely closed off by the gate and the remaining partitions continuing 
in operation. The efficiency would remain about the same as at full gate 
opening. Fig. 144 shows a single three story inflow reaction turbine having 



Fig. 142. Section and Plan of Improv- 
ed New American Turbine. 
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a runner of conical shape with the small diameter at the top. The bottom 
and middle story of the runner are used at all stages of the water, while 
the top one is used in addition during flood times, when the head is at 
a minimum. 




93. Horizontal and Vertical Shaft Turbines. 

These two types have relative advantages and disadvantages, the most 
important ones being herein enumerated. Horizontal shaft turbines, as well 
as vertical shaft turbines, are used for low and medium heads. The ma- 
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chines of the first type are generally placed in the generator room, oflFering 
thereby every facility for installation inspection and repairs; they are very 
well suited for direct coupling, and as a matter of fact, are cheaper to 
install than the equivalent vertical shaft type. However the whole weight 
of the machine, as well as the force of the horizontal component of the 
flowing w^ater, are transmitted to the bearings, with the result that it is 
necessary to design and proportion the foundations with care. Further 
the entrance of the water to the turbine case is effected by the pressure 




Fig. 144. Single Three-Story Inflow Turbine, Lyons Plant-France. 

pipe extending into the generator room: the electric machinery is exposed 
to wetting, anc^ the room may be flooded in event of the breaking of the 
pressure pipe, due to water hammer effect. This extreme case, however, 
seldom occurs in practice. The best security is obtained by placing the 
extending part of the pressure pipe below the generator floor. The ver- 
tical shaft turbine has the whole weight of the machine supported by a 
pivot. In cases of direct connection to the generator, the weight of the 
revolving part is added. This thrust is best counter-balanced by either the 
water pressure itself, or by means of oil, also under pressure. Vertical 
shaft wheels are in most instances submerged, therefore, difficulty results 
in installation, inspection and repairs. This kind of wheel has become 
nevertheless of general use; its adoption reduces the size of the power 
house floor area, a factor that greatly influences first cost, even if it de- 
mands more excavation. 



94. Turbine Calculations. General Notation. 

= Volume of water in cubic feet per second, 
H ^^ effective head in feet. 
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« = speed in revolutions per minute, 

a> «=—- = — = angular velocity in feet per second, 

6 = efficiency in percentage, 
W = weight of one cubic feet of water, 
P^ = theoretical horse power, 

Pg==6Pj = hydraulic HP delivered to the turbine shaft, 
A = height of head water above center line of runner, 
6 = atmospheric pressure per square foot, 

p = pressure head of water on guide orifices at the gate openings, as 
would be indicated by piezometer tubes if inserted at such 
points, 
h' == height of tail water below center plane of runner; or suction head, 
A -}- A' = ff = effective head, 

F = absolute velocity of water discharge from distributor, 
V = velocity in feet, of the inside circumference of runner periphery, 
w = relative velocity in feet with which the water enters the runner, 
r = internal radius of the runner, 
ro = external radius of runner, 

v' = velocity in feet of the outside circumference of the runner peri- 
phery, 
t(/ = relative velocity in feet with which the water leaves the 

runner, 
a = terminal angle of the distributor bucket, or the angle formed by 

V and F, 
^ = terminal angle of the runner bucket with the external circum- 
ference of runner, 
y = angle made by velocities v and iv. 



95. Calculation of Outward Radial Flow Turbines. (Fig. 145.) 
Bernouilli's theorem is given by the expression 

V=^Y2g{h + '^i) (1) 

These fundamental equations are known also: 

v = cor; v' = (orQ. 

The energy developed by the water has for expression: 

and the amount of increase of this energy becomes 
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Neglecting the effects of friction and gravity, and the water motion being 
horizontal, the following relation is found: 



w 



= «;- + »"' — v« 4- 2? 



p-b 1 



(2) 



The trigonometric relations at the points A and B are respectively 

tr*=F^ + t;*^ 2vFco8a . (3) 

and 

r^ = t(;'« + t/^ — 2t;'M?'cos/^ (4) 

Making w' = v' and introducing these values in equations (1), (2), (3), we find 

2flri^ — 2vFco8a = 



from which 



Vcosa 



(5) 



--,-^ 




Fig. 145. 
Combining equations (5) and (G) gives 



Calling Bm and cd the perpendiculars 
on the guide and runner buckets and 
considering the quantity of water at en- 
trance and at discharge as being equal, 
the following relations are found 

Acsin{iV = Bn sin pif 
or 

r^ sin aV = r^^ sin fiv 



(6) 



T7^''ol/ 2g^ sin/? . 

rV sin 2a ^ ' 

r-t /2hHt&na ,^. 

"=r-y-2s-i^?- ^'^ 



By means of (8), the angular velocity is determined. 
Making «/ = «/ in equation (4). gives: 

r- = 2t;'«(l cos/?), 
= 2^Jt;«a cos/?), 

1 — COS fi 



2gHtana- 



sin/? 



-=2gH tan « tan ^ 



(9) 



From this equation the efficiency of the wheel may be determined. The 
work imparted to the wheel is theoretically 



WH—' 



WV" 



2j/"' 
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the theoretical horse power being WH, the efficiency will be: 

WH . F"' 



« = 



WH 



WV 



7^ = 1 



2gH 



29 



or 



e = 1 — tan o tan -^- . 

If we call d and d^ the entrance and exit depths respectively, the ex- 
pression for efficiency becomes 

€ = 1 — -y tan « tan ~ . 

The general condition that for maximum efficiency the water must enter 
tangentially to the vanes, will be fulfilled when 



V 

V 



sin {y — a) 
siny 



equation which combined with (6) gives 

r^^ sin a sin y 

r^ sin fi sin {y — a)' 

It will be remarked that when the smaller 
are the angles a and fi, the greater will be the 
efficiency of the turbine. According to 
M. Mueller^, the losses of energy in re- 
action turbines vary from 17 ^Iq to 27^/^ 
as follows: 




Fig. 146. Boyden DifFuser. 



Hydraulic resistance 10 to 14®/o 

Velocity of water discharged from turbine . . 3 to 7^/^ 

Leakage at clearance 2 to 3^/^) 

Shaft friction 2 to 3«/o 

Total losses: 17 to 27 ^/^ 

In order that the above conclusions be valid, it is necessary that 
the water discharging from the guide buckets meet the vanes of the 
runner buckets without shock or vacuum, and therefore the changes in 
direction must be gradual and formed by easy curves. Diflhjsers are often 
used in connection with outward radial flow turbines. The purpose of 
the diflfuser (fig. 146) is to ensure a gradually enlarged opening, thereby 
gradually decreasing the velocity with which the water leaves the wheel. 

^ Mueller-Francis Turb^ien-Hanover. 
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96. Calculation of Inward Radial Flow Turbines. (Fig. 147.) 

The general condition of maximum efficiency is the same as for the 
outward flow turbines: 

V sin {y-{- a) 

F sin y * 

The trigonometric relations at A and B, are as before: 

w'=V^i-v'' — 2Vv cos a 
r^ = w"' + v'' — 2v/i/ cos fi. 

Again, angle fi must be as 
small as possible, and making 
w' = v' we have 




v = 



gH 



Fig. 147. 



V cos a ' 

In order that there will be no 
reaction, we must have 

V — 6 



W 



= h'. 



When the turbine works without reaction, the following relations are found 

and w = v 



from which 



V 



cos a 



The ratio — depends entirely upon the angle a, and allows the inward 

flow turbines to be classified according to speed; slow speed turbines sa- 
tisfy the condition 

y £ 0.60 

and high speed turbines 

If the turbine discharges into the air at a height h^ for instance, the 
effective head is reduced by that amount and the efficiency becomes 

K 

H' 
It is preferable, therefore, 
that the turbine be drown- 
ed or adapted to a draft 
tube. As in the outward 
flow turbines, it is essential 
that the residual velocity of 
the water in leaving the 
buckets be a minimum. The 
relation of a radial inward 
flow reaction turbine to a 
concrete draft tube is shown 




Fig. 148. Reaction Wheel with Concrete Draft Tube. 
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Loss in awheel ''16% 



^1 



Utifited by H^h^ = dO% 



in fig. 148^. The cross section of the dfaft tube gradually changes at 
successive points in order that the velocity of the flow may be gradually 
decreased from the point of discharge of the turbine to the tail water 
canal. The changes in abso- 



lute velocity of the water 
into and through the turbine, 
and finally through the draft 
tube are also shown in the 
diagram of fig. 149. The ab- 
solute velocity is a maximum 
at or near the point where 
the water enters the runner 
and is decreased as greatly 
as possible at the point of 
discharge into the draft tube. 
Doto jor design: Call 
u the velotity of the water 




J^ehciHta m diraff tvbe 



Entrance^ GmttM 



-mttaf — -;-- 






-Orqff tubm- 



3 



Fig. 149. Graphioal Relation of Velocity and 

Energy in the Flow through a Reaction Turbine 

with Draft Tube. 



in a circular section, of radius fj. The condition to be satisfied is 

t^ = 0.25 V2gi^ to 0.15 ^/2g^H, 
Assuming w, and knowing Q and H\ 

f Tin 



Take 
and then 



r=1.5rj to 2r^ 



*^;^1.15. 
r 



The total horizontal length of opening of the distributor will be: 

2nr sin aXmk, 
For the runner: 

2nr^ sin ^XrfiV 

where 4 and V take care of the thickness of distributor and runner vanes 
m and m' are contraction coefficients varying from 0.85 to 0.95. Calling 
p and p^, the depth of opening of the orifices, we have: 

Q = m*:x27ir8inaXpF (1) 

g = m' A:' X 2 :t r^ sin /? X Pi ti/. 

As F = V2gri/, and r being known, the following expression is deduced 
from (1): 

Q = mibx27rrsinaXpV2^i/ (2) 

Let 

2 = number of vanes; and 

/^^ thickness of vanes; then 
Q = m (2 TT r sin a — 2 ^) p V2 ^ i/. 



* Victor Gelpke. Turbinen und Turbinenanlagen. 
Mull0r, Hydroelectricftl Engineering. 
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The value of p in (2), depends on a. Now as 



v = - 



2co8« 



we have finally 



8 = 



and 6 = 



60 F 



60v 



Anr cos a 
and as 

V = V2gH 

8 and V are easily determined. Fig. 150/ shows the form of runner vanes 
for an inward flow turbine built for a head of 24.5 feet, discharging 87 
cu. ft. per sec., and having a speed of 220 r. p. m. 

97. Mixed Flow or American Turbines. (Fig. 151.) 

The fundamental equation is: 

V^ = 2g[H-h'] 
and for reaction turbines 

w^=V^'^v* — 2Vv cos a 
w''' = w^'\-v''' — v^ + 2gh' 
F'2 = M;'« + t;'^ — 2tt?Vcosy. 
If w = Vj we have 

y-f2« = 180<* 
y=180^ — 2 a. 

As a varies from 25® to 30®, y varies from 
130® to 120® and the absolute velocity of the 
water at the exit of the distributor vanes is 



V = V2gH. 

If the turbine works under reaction, the 
following conditions are obtained:' 

:k<120® and V <V2gH. 

In most cases 

;' = 120®. 

The degree of reaction has for value 



and the efficiency is 



V2fH 




Fig. 151. 



1~ 



2gH' 



This class of turbine should always be drowned, or installed in connection 
with a draft tube. 



98. Taylor's^ Simplified Formulae. 

Although the Taylor formula has been replaced by the characteristic known 
as specific speed, it is in interesting to know that this formula is equi- 
valent to specific speed and this indicates that the I. P. Morris Co. were 



* Gelpke-Van Cleve. Hydraulic turbines. 
H. B. Taylor. Hydraulic Engineer. The I. P. Morris Co. Phila. 
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familiar with the equivalent of specific speed before specific speed was 
introduced by German engineers. 

Let ^ = net operating head, in feet 
C=^ discharge in second feet; 
Pg= horse power of one runner; 
f = efficiency of wheel, written 0.75, 0.80. etc.; 
Z) = diameter of tips of wheel vanes, measured on center line of 

distributor, in feet, 
D^ = diameter of discharge space of runner measured Across draft 
tube or draft chest, in feet, 

f=T\~j ft characteristic constant for a given runner called flare; 

-2* = the velocity of the water passing through the space of dia- 
meter equal to fd, found by dividing the quantity dis- 
charged by the area, thus giving the mean velocity. 

/i = , , the velocity head corresponding to u, the "outflow loss 

from runner '. 
«== speed in r. p. m. 





u. — ^^ — ^ -* — —4— — ^ 

Fig. 152. 

The actual kinetic energy in the water leaving the wheel is greater 

than ^— , on account of the variation of the velocity across this space; 

this energy is not entirely lost to the wheel, however, since part of it may 
be regained by reducing the draft tube velocity at the discharge end. 

For wheels of similar type and mounting, we may take the outflow 
loss as another characteristic constant and express it as a percentage of 
the total head 

'=C <" 

Let the peripheral velocity of the tips of the wheel vanes equal 

fX-rgH^nD.x^^^ (2) 

where ^ is a constant characteristic of a given wheel. 
Equation for the power of the runner: 

^'- 550 • ' 
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where Q^^r-uD,'^ 

D, = m<p^ ^ from (2) 

u^VlgLH from (1) 

Substituting these values in equation (3), we have, assuming value of 



^ = 0.7 and simplifying: 



.=v^^^. 



\&PeW^*M 



Transposition of the Formvla to the well-known Formula for Specific Speed. 

For a given design of runner, but built in various sizes all geometri- 
cally similar to each other, we shall have ^, /, L and e all constant when 
any one of these runners Works at the best speed corresponding to any 
head. Therefore, for this particular design of nmner, we can put. 

If one of the wheels of this set be built of such a size that when 

operating under a head of unity (1 meter in metric system) it will deliver 

1 HP, then c* is seen to be the speed of this wheel when opeirating under 

VP 
1 meter head. c^ = s ^.Z Call this the specific speed and denote it by 

N^\ then the speed of any wheel of the set, when working at its proper 
speed under any head, will be 

"-"■ VP. 

where N^ is a constant, typical of the series of the designs. For any given 
runner, the specific speed may be found from the formula 

V> 

N — 5 ' 

and if N^ is desired in the metric system, P^ and H must be taken in 
that system. 

The value of 5^, or the ratio of the peripheral velocity at the mean 
diameter of the runner inflow to the spouting velocity, may vary any- 
where from 0.65 for very high head wheels, to 0.82 for very low head wheels. 

99. Water WTieels of the Me Call Ferry Power Company. 

These wheels, fig. 153. are each capable of developing 13500 HP, when 
operated at 53 feet head, and with 80^ <, gate opening. Each one is 
coupled to a 7500 kilowatt three-phase 25 cycles electric generator. The 
speed is 04 revolutions per minute. The design secures that the wheels 
will be capable of giving full output with 100" ^j gate opening when the 
available head is reduced to the possible minimum during extreme floods. 
It will be noticed that there are two wheels of the inward and down- 
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ward flow type mounted on a single shaft. The shaft is of forged steel 
and is in one piece from the bottom to where it is coupled to the generator 

shaft. Its weight and that of all 
the parts borne by it, including the 
revolving field of the generator, are 
carried on a thrust bearing, which 
is itself supported on a lens-shaped 
casting set into the masonry. The 
latter casting is of such size as, 
when removed, to permit withdrawing 
the shaft with turbine runner 
attached. The runners are cast 
of iron in one piece and are care- 
fully finished by hand so as to 
present smooth curved surfaces to 
the water. Each is about ten feet in 
diameter. The arrangement for ope- 
rating the gates consists of a vertical 
shaft made of pipe, carried on a 
step and held at the top by a 
bearing attached to the wall. This 
shaft which is connected to both 
the rings which carry the gates of 
the two turbines, is revolved in one 
direction or the other, under the 
control of the speed governor. 

The water wheel data is as 
follows: 




Fig. 153. 13,500 HP Water Wheel of the 
McCall Ferry Power Ck). 



Horse Power (80*»/o 
opening) .... 

Number of runners 

Speed 

Head 

Volume of water at 
full head, per se- 
cond 

. . 335000 lbs. , 

. . 650000 lbs. 



gate 
13,500 
2 



94 r. p. m. 
53 fe et 



2 800 cu. feet 



Total weight on thrust bearing . . . 

Total weight of metal in 1 turbine . . 

Francis type wheel, inward and downward flow. 

Efficiency, full load, 80® ^^^^ better. 

These wheels were built by the I. P. Morris Company of Philadelphia, 
and the design was the object of a valuable method of graphical analysis 
developed by Mr. H. B. Taylor, under the supervision of W. M. White, and 
given, in bulletin No. 2 of the I. P. Morris Co. 

Curve No. 1, fig. 154 shows the power which the wheel will give for 
heads varying from 70 feet to zero, provided that the revolutions are 
allowed to vary as the square root of the head. The horse-power of a 
given wheel will vary as the three halves power of the head and the 
efficiency will remain constant, provided the revolutions are also per- 
mitted to vary to best suit the conditions of head. Referring to fig. 151, 
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it will be noted from curve No. 1 that at the 70 ft. head mark, the wheel 
would develop 15,000 horse-power, and from curve No. 6 it will be 
noted that the best speed for the wheel under the conditions of 70 ft. 
hefiwi would be 111 revolutions per minute. It will also be noted from 
curve No. 1 that under the 50 ft. head the wheel would develop 9150 
horse-power, if it be run at 94 revolutions per minute. By keeping a 
constant ratio between the periphery of the runner and the square root 
of the head, the efficiency of the wheel at varying heads is not changed 
for any given setting of the gate. This ratio, which we have denoted 
by ^, is usually about 0.7 for reaction wheels. In order to properly uti- 
lize the output of the wheel it is necessary that the speed be kept constant. 



16000 




Fig. 154. Wheel designed for 13,500 HP, 65 Ft. Head, 107 r. p. m. 

Power-Head Curve No. 1. ConsUnt, R. P. M. Variable. 

Power-Head Curve No. 2. 4> Variable, R. P. M. Constant. Corrected according to ShawlnigBn test for 

lorn In HP due to speed not best for the given head. 
0-Head-Curve8 Nos 3. and 4. 

is a relation between periphery of runner and head. 
Head-R. P. M.-Curvcs Nos. 5 and 6. * 



In order to determine the amount of power that will be lost by keeping 
the speed constant while the head varies, the curves on fig. 155 were plotted 
from actual observations. Curve No. 1 is the full gate reading of the 10,500 
horse power turbine which was installed for the Shawinigan Water and 
Power Company. This wheel was designed for 10,500 horse-power when 
working under a head of 135 feet and when running at 180 revolutions 
per minute. The observations which are plotted on this curve were obtained 
by using the generator as a brake for the wheel, and a water rheostat 
was used as a means of loading the generator. The speed was then ad- 
justed to 180 revolutions per minute at the wide open gate and an obser- 
vation made. By varying the field of the generator, the speed of the 
unit was varied without materially affecting the power, and without moving 
the gate of the wheel. Observations were made above and below the 
normal speed through as wide limits as the rheostat in the field circuit 
of the generator would permit. The power output was determined by 
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means of accurately calibrated electrical instruments. The speed was 
determined by an accurately calibrated tachometer. The curves on fig. 155 
give the relation between and horse-power. Referring back to fig. 154, 
and taking the 50 feet head conditions, it is noted that for a constant 
speed of 107 revolutions per minute, would have to increase to OJ^. 
By referring again to fig. 155, it is noted that when * was 0.8 with full 
gate opening, the power dropped from 10 600 HP to 10 250 HP, or about 

3.3 ®/q. Reducing the power at 
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the 50 feet head on fig. 154, (curve 
)*aoo No. 1) by 3.3 ®/o, we obtwn a point 
on curve No. 2 which gives the 
actual power which would be de- 
veloped by a wheel under the 
50 ft. head, and running at the 
constant speed of 107 revolutions 
per minute. Curve No. 2 is plotted 
in this manner from curve No. 1. 
As a check to curve No. 1 in 
fig. 155, curves Nos. 5, 6, 7, and 
8 have been plotted, all of which 
were made from actual obser- 
vations, in the same manner as 
curve No. 1. All of these wheels 
are Francis inflow and were de- 
signed for * equal to 0.7, except 
curve No. 6, which is designed 
for equal to 0.5; No. 6 is an 
outward flow Fourneyron wheel. 
11000 Curve No. 5 is for a 6000 horse 
power wheel with gates in the 
draft tubes. The shape of the 
1B000 curve shows that the gate was 
probably not entirely open when 
the observations were made. In 
fig. 156, there are plotted efficiency 
curves which the designed wheel 
would give under varying heads 
and running at a constant number 
of revolutions. Curve No. 1 is 
an exact duplicate of the effi- 
ciency curve obtained on a 
3500 HP wheel working under 210 feet head and making 250 revolutions 
per minute. The test of this wheel was made by the engineers of 
the Niagara Falls Hydraulic Power & Manufacturing Company. The 
observations were carefully made, and the results accurately determined. 
The water flowing from the wheel was determined by means of a weir 
constructed in the tail race. The weir was arranged with end contractions, 
and the Francis formula was used in determining the quantity of water 
flowing. The power output of the wheel was determined by using the 
generators as a brake on the wheels. The power output from the gene- 
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Fig. 155. ^ - Horse - Power Curves. 
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rators was determined by accurately calibrated electrical instruments. The 
summation of these readings divided by the efficiency of the generator 
gave the power output at the flange coupling of the turbine shaft. The 
factory tests of the efficiencies of the generators were taken as correct. 
The wheel is of the Francis inflow type, with double runners, fitted with 
movable guide vanes, similar to those proposed for use in the wheels for 
the Mo Call Ferry Power Company. It will be noted that the efficiency 
of the wheel reaches 82.3 ^^/^ at about seven eights power, the efficiency 
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Fig. 156. \ Efficiency Curves 



.r'^ 



dropping to 81.5^/o at the wide open gate. It will be noted that the 
efficiency is very high at part load. This was accomplished in the design 
of the wheel by sacrificing the maximum efficiency which could be reached 
in order to obtain a higher efficiency at part loads. This curve is taken 
as typical of the efficiency which would be obtained by the wheel pro- 
posed for the McCall Ferry Power Company, when working under a 65 ft. 
head. The efficiency curve of the 10,500 horse power wheel supplied 
to the Shawinigan Water & Power Company gives higher results than 
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the- curve selected, but it is believed curve No. 1 is the best for a 
typical curve. Curve No. 1 was plotted on Fig. 156 by assuming that at 
wide open gate 3500 horse power corresponded to 13,500 horse power in 
the designed wheel. The part gate points of the curve were obtained by 
proportion. Curve No. 3 represents the efficiency and power of the wheel 
when working under 50 ft. head and at 94 revolutions per minute. Point 
A on this curve is obtained in the following manner: First, read on curve 1, 
fig. 154, the power which the wheel would give under 50 ft. head, 
and revolutions best suited. This is found to be 9150 horse power. On 
scale B, fig. 156, draw a line from 9150 HP to zero, forming curve 10. 
To find what the efficiency would be at 8000 horse power under the 50 ft. 
head, take the point at 8000 horse power on scale -B, projected horizon- 
tally until it intersects curve 10, and read 11,800 horse power. This 
point is projected vertically until it -is over 8000 horse power on scale A. 
Thus the point A on curve 3, is obtained which reads the efficiency 
of the wheel when developing 8000 horse power under the 50 ft. head 
and running at the revolutions best suited, namely 94. It is desired to run 
this wheel, however, at 107 revolutions per minute, under all conditions 
of head, and it is necessary to correct curve S for the drop in power 
and efficiency due to increase in speed. Referring to curve 1, fig. 154, 
it is noted that the power varies, and in the calculations of efficiency on 
fig. 156 it has been supposed that the efficiency varies directly as the power. 
In other words, it is supposed that the quantity of water does not vary 
when the revolutions are changed with the constant setting of the gate. 
This is not strictly true, however, but for the observations as plotted on 
curve 1, fig. 155, the quantity of water would vary probably one half 
of one per cent, increasing as the revolutions decrease, and decreasing as 
the revolutions increase (from 158 to 201). Referring to fig. 154 and the 
50 ft. head, it is noted that when the speed is increased from the best 
speed of 94 revolutions to the desired speed of 107 revolutions, the power 
falls 3.3 ^/q, and the power and efficiency of the points on curve 3 
are decreased 3.3 ^q, resulting in curve 2, which gives the desired 
curve for the operation of the wheel under 50 ft. head and 107 revolu- 
tions per minute. Referring to fig.. 155, curves 1, 2, 3 and 4, it will 
be noted that the slope of these curves between equaling 0.7 and (P 
equaling 0.8, is about the same, and it is possible, therefore, to reduce 
the power and efficiency of the points on curve 3 by the same per- 
centage, namely 3.3 *^/q. In this manner curve 2 is obtained, which 
gives the power and efficiency of the wheel when working under the 50 ft. 
head, and running at the speed of 107 revolutions per minute. In this 
same manner curves 5 and 7 are plotted, curves 4 and 6 being 
deduced therefrom respectively. In the same manner curve 9 is 
plotted and curve 8 deduced therefrom. It will be noted that curve 8 
lies on the opposite side of the parent curve to that of the other 
curves. Curve 8 crosses curve 9 at 13500 horse power on scale A, 
and beyond this point would drop below curve 9. The reason curve 8 
falls to the left of curve 9, and shows greater efficiency at part gate 
for the 70 ft. head is because when ^ changes from 0.7 to 0.65 (in 
fig. 155), the partial gate curves 2, 3 und 4, fig. 155 show the increase 
in power and efficiency. These points, however cannot be very definitely 
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determined, but it does show that it is right to assume that the designed 
wheel, when working under the head of 70 ft. and running at 107 revo- 
lutions, will show higher percentagp of efficiency at part gates, than when 
running at the 65 ft. head and the same powers. The curves in fig. 156 
show that the efficiency is not seriously affected by keeping the speed of 
the wheel constant under the varying conditions of head. They do show 

however, that the power 
is seriously affected un- 
der the varying head. The 
endings of the various 
curves show the maximum 
power, as read on scale A, 




Peltoii Buckets and Methods of Securing 
same to Rim. 




Fig. 158. 



which the wheels will give under that head. These curves, therefore, give 
the performance of the wheel when running at a constant number of 
revolutions and working under varying heads from 50 to 70 feet. The 
curves, of course are not absolutely correct. They show however, fairly 
accurately, th^ amount of variation in efficiency and power which may 
be expected from the actual conditions obtained with the proposed wheel 
under the head for which it was designed. 



100. Impulse Wheels, 

Pelton or impulse wheels may be considered as radial turbines, operating 
under water pressure applied to the outer periphery. The velocity of the 
jet issuing from the nozzle is 

V = 0.9SV2gH to 0.98V2gH. 

In order to obtain a discharge at right angles to the circumference of the 
wheel, the peripheral velocity varies from 



Calling 



5 = the speed in r. p. m. 
Z> = the diameter in feet. 



0AbV2gH to 0^0V2gH. 
and 



0.45 to 0.bOV2gH, 



we have the following relation 

'60 '' 

The diameter of a circular nozzle has the following relation to the dia- 
meter of the wheeP 

d=1.2D — 0.0866 D^ + 0.2. 



Gelpke — Van Cleve. Hydraulic Turbines. 
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The quantity of water in cu. ft. per see. flowing from each nozzle is 



where 



Q. 



:id' 



,k^2gH 



576 
i = 0.05 to 0.96. 
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If n is the number of nozzles, then: 

"=«;• 

In the ease of Pelton wheels, the nozzles are generally made circular or 
square in cross section. The runner is formed by a cycle of cups either 
cast on a rim or secured to it. Some forms of cups or buckets are illu- 
strated in fig. 157; and the effect of the water jet on such a bucket is 
illustrated in fig. 158. Fig. 159 shows the diagrams used in designing the 
wheel-buckets of the Kern River Plant No. 1. These diagrams were 
developed by F. C. Finkle and are of interest to the designer. Impulse 
wheels do not operate satisfactorily if submerged, and really should always 
be located above tail water. 

101, Type Characteristics ol Turbines. 

In cases of medium heads, as from 300 to 500 feet, the most suitable 
type of turbine cannot readily be determined. In order to facilitate this 
determination, however, a factor known as the type characteristic of a 
turbine has been developed, and is represented by the expression: 

^. 

VH 
in which 

J£'^=^type characteristic. 
s =^ speed of turbine in r. p. m., 
fl = effective head in feet, and 
P^ = capacity in horse power of turbo-unit. 

The factor Jf^ is composed of 

Ist a power constant 

which is the power of a similar runner using 1 cu. ft. of water 
under a one foot head; 
2nd a, capacity constant 

fc — ^,=- 

which is the discharge pf a similar runner of 1 foot diameter 
under a head of one foot; and 
3rd a speed constant 

, 71 Ds 

K ^= ; 

QOVH 

which is the speed of the runner under a head of one foot. 



^.=iV- 



Then 



A',-- 



aok^Vk.k, 
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Experience shows that a radial inward flow turbine gives a high type 
characteristic varying between 10 and 100, whereas the type characteristic 
of an impulse wheel is reduced to between 1 and 5. If an inward flow 
turbine has more than one runner, the HP to be applied in the above 
formula is the power developed by one runner only, just as in an impulse 
wheel, the power developed by one nozzle only is to be used. The 
following table will enable the designer to choose the proper type of 
turbine for specified cases. 

Table XLI. 



Type of radial 
inward flow turbine 



Type characteristic 



Low speed turbine 10 to 20 

Medium speed turbine . . . . • 80 to 50 

High speed turbine 60 to 80 

Very high speed turbine ... 90 to 100 

If K^ is greater than 100, multiplex turbines must be used. Example; 
suppose a 1 250 HP unit is to be run at 300 r. p. m., with an effective 
head of 360 feet; the type characteristic is found to be 



„ 300-,/ 1250 ._ 



V360 

in which case an impulse wheel would be used. If the wheel capacity 
were 3600 HP under the same head and running at 500 r. p. m.. 



'-=si/i:=- 



V360 
in which case a radial inward flow turbine would be used. 

102. Turbine Efficiency. 

The efficiency of a turbine may be obtained by a curve such as 
shown in fig. 160. (Jelpke determines 6 as a function of the size of the 
unit and gives the following values: 

€;^78% for a turbine unit of 30 HP 
e^%l^l^ for a turbine unit of 10,000 HP. 

Intermediate values may be obtained from the curve and necessary de- 
ductions must be made for friction losses in step and guide bearings and 
for hydraulic losses in balancing pistons and cooling devices; these losses 
may be taken as follows: 
for a hand regulated 

30 HP unit, 3^ 

10,000 HP unit, ll^^l^ 

for automatic regulation of a 

30 HP unit, 1 ^ , 
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These losses must be allowed for the power expended in regulation. The 
hydraulic losses besides those oecuring within the turbine are to be 
distributed as follows in percentage of the total pressure head^ 

3^/0, in entering the wheel pit, 
!3to5**o occurring in the draft tube and depending upon its 

form and length, and 
Otol^/o if the discharge from the draft tube is perpendicular 

to the direction of the tail race. 






This last loss can be en- 
tirely obviated by the use 
of a draft tube the di- 
rection of which is gradu- 
ally changed to that of the 
water in the tail race. In 
practice, it is best to 
assume 

It is also to be noted that 
there should be no sudden 
changes in the velocity or 
direction of flow at the 
point whwe the water passes from the runner to the draft tube. 




»H % %*r 1000 Hp. 
#r%i *r WOHp 



Fig. 160. 



103. The Testing of Water Wheels. 

There are several methods in use for the testing of water wheels, of 
which the most important are: 

1. The Prony brake method (fig. 161), 

2. the chemical method, and 

3. the indirect method. 




Fig. 161. 



The latter is employed mainly for the testing of wheels in place, a problem 
that is calculated and resolved by means of the electric current readings 
at the switchboard, knowing the efficiency of all intermediary apparatus. 
A detailed measurement by this method is given in the following para- 
graph. (§ 106.) 



Victor Gelpke. Turbinen und Turbinenanlagen. 



Digitized by 



CmOo^z 



in which 



1 76 Turbines. 

The Prony brake method consists in the use of a lever b, clamped on 
the pulley of the wheel to be tested, said pulley being surrounded by a 
wood-lined jacket fixed to the lever system, as shown in fig. 161, cooled 
and lubricated by a stream of soap water. The pull of the pulley on the 
jacket is weighed, the friction being regulated at the temper screw, e, so 
that the weights are kept balanced. When such equilibrium is obtained, 
note is taken of the number of revolutions per minute, and the formula 
applied: 

' 83,000 

P^ = horse power of wheel, 

W = net weight in lbs. on lever arms, 

5 = revolutions per minute, 

C = circumference of brake, and 

Z = ratio of lever arms. 

At the same time, the theoretical power of the water is to be computed 
by the formula: 

' 550 
in which: 

(? = cubic feet per second passing the wheel, 
£f = head of water on wheel, in feet, and 
IF^ = weight in lbs. of 1 cu. ft. of water, according to temperature. 

Having calculated the theoretical horse power of the water, and determined 
the effective power of the wheel by means of the Prony brake, as indicated 
above, the efficiency of the wheel is found by the ratio: 

T^,^ . i. . 1 P. (wheel) 

Efficiency of wheel =p^-^ — J~\ 

For the purpose of making the necessary experiments on water wheels, 
the Holyoke Water Power Company built a permanent testing flume, in 
which wheels are tested both for power and amount of water discharged. 
The discharge is measured by a weir, the crest of which is formed by a 
piece of planed wrought iron, and which can be used with or without 
end contractions. The depth of water on the weir is measured by a hook 
gage. The quantity of water passing the weir is computed by the well 
known formula: 

Q = 3.38 [L- 0.10 nH] £f/. 
in which: 

Q = quantity of water in cu. ft. per second, 

L = length of weir in feet, 

n = number of end contractions, and 

£f = depth of* water on the weir, in feet. 

If the volume of water makes it necessary. Q is corrected for velocity of 
approach. 

According to M. A. Blanchet, it results from the use of this formula: 
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1. For a weir without end contretctions (see page 31): 

a) that the discharges so calculated are smaller than the real 
discharges, the Bazin formula (see page 31): 



Q=f^ 



1 + 0.55 



\D4-P) 



LDV2gD 



being of more accuracy for such measurements; 
b) the efficiency of American wheels measured by means of the 
Francis formula for discharge measurements, are in favor of a 
better efficiency for American wheels, all other things remaining 
the same. 
2. For a weir with end contractions: 




Fig. 162. Arrangement for Measuring Tailrace Water in Testing Turbine by the 

Curtain method. 



In this case also, but in a smaller degree, the use of the Francis 
formula shows a better efficiency. 

The following table gives comparative results of the Holyoke tests -of 
a 16 inch turbine, the same wheel being afterward tested in Germany by. 
Prof. Pfarr:^ 



Discharge .... 1.0 0.9 0.8 0.7 0.6 

Holyoke tests . . 0.81 0.795 0.765 0.725 - 0.67 

German tests . .0.718 . 0.703 0.693 0.658 0.591 



0.5 



0.4 



0.3 



0.491 0.358 0.121 



Prof. Erik Anderson has developed another method for measuring the 
discharge of turbines. A tail race of uniform cross section and of smooth 
surfaces has been built* a smooth track runs along it, over which a light 
carriage made of aluminum is moved. A light frame work, either of 
wood or of steel, is hinged to the carriage, its width being equal to the 
width of the tail race, providing a clearance of | to | inch between the 
frame work and the sides of the tail race. This framework is covered 
with a water proof canvas. The general layout of the testing arrangement 
is shown in figs 162 arid 163. At the point I, the curtain is lowered and 
soon assumes a vertical position before entering the area of measurement, 
its working position being shown at point II, and the point III shows the 
carriage with the curtain released from the vertical position, after which it 
is drawn back for another run. The speed of the carriage depends on the 
average velocity of water threrugh the tail race channel. The position and 
time of travel are recorded by electrical contacts placed from three to five 
feet apart. 



* Zeitschrift des Vereines deutscher Ingenieure. 
MuUer, Hydroelectrical EnginAering. 



June 7—1902. 
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The chemical method consists in placing a determined amount of 
soluble salts into a reservoir containing an unknown amount of water. 

Call: IF = weight of unknown amount of water, 

j> = known weight of concentrated solution of salts, and 



m 



— =the degree of concentration of this solution. 



Then the amount p of solution contains: 



Pm 



of salt and 



Vn 



of water. 



This quantity of salt diluted in an unknown quantity of water, will give 

a solution of concentration -j- which may be determined by analysis. 

d 
Knowing -r-, W is easily found by the relation 

~mb 




Fig. 163. Carriage with Curtain for Testing the Water Discharge of Turbines. 

Therefore, injecting such a concentrated solution at equal intervals of time 
(each second) into the pipe leading to the turbine, and analyzing the 
L water that may be collected at the exit of the turbine, the amount of 
water may be calculated. Dr. R. Mellet has tested the discharge of a 
turbine by this method, using neutral solutions of alkaline chlorides, the 
latter being tested by silver nitrates and potassium chromate. The addition 
^^Iver salts to a chloride precipitates silver chloride, the color of which 
B, and the liquid takes a tint of lemon yellow. When the reaction 
Eiiinated, the excess of the silver solution forms a precipitate, reddish 
in color, of silver chromate, so that the original lemon yellow 
coIii(/ takes an orange tint. This excess may be noted as a function of 

the number of cubic centimeters used, and written — . 

P 
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Let: N^ = number of cubic cm. of centi-normal solution, necessary to titrate 
1 liter of initial solution, 
n = number of cubic cm. necessary to titrate 1 liter of water from 
* the turbine, taken before the test, and 
i^, = number of cubic cm. to titrate 1 liter of final solution. 

Deducting the constant fraction, the number of cubic cm. becomes: 

N 
N. -^ cubic cm. for 1 liter of the initial solution, 

P . 

TV 

n cubic cm. for 1 liter of the incoming water, and 

N 

Na cubic cm. for 1 liter of the final solution. 

P 

The equivalent of sodium chloride being 58.5, each cubic cm. of the centi- 
normal solution indicates 0.000585 gram of salt. Consequently: 

the initial solution contains 0.000585 LZ^j -\ grams of salt per liter, 

the feeding water contains 0.000585 n grams of salt per liter, 

the final solution contains O.000585 \N^ -\ grams of salt per liter. 

The discharges are inversely proportional to the concentrations, therefore, 
calling X the discharge of the final solution, and d the discharge of- the 
initial solution, we have 



0.000585 
-d 






N^ — n 



0.000585 \n^ — ^] —0.000585 Tn — ~ 

I ^ p J L pi 

and the required discharge of the turbine would then be denoted by: 

iN^ — n J 

The test was accomplished as follows: 

The initial solution was injected through an opening at the turbine 
entrance, the discharge of this solution being 0.1211 liter per second. A 
sample of this solution as well as of the running water had been taken 
before the test. During the test, samples were taken after six and nine 
minutes. 

1. Test of the initial solution: 10 cu. cm. were taken, which were then 
diluted in 1 liter, and 10 cubic cm. of this liter were analyzed. For this 
fraction, 35.5 cubic cm. of the silver solution were necessary, therefore 
2^^=355000. 

2. Test of the natural water. One liter was evaporated. After reduc- 
ing the volume to about 10 cubic centimeters, 3.8 cu cm. of silver solution 
were necessary, therefore n = 3.8. 

3. Test of final solution. Sample taken at the end of six minutes. 
The supposed discharge was taken at 100 to 300 liters per second. There- 
fore from 100 to 300 cu cm. had to be evaporated and 33.5 cu cm. of the 
nitrate of silver solution were necessary in the 200 cu cm. which were 
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actually evaporated; this amounts to a quantity of 167.50 cu cm. per liter. 
Therefore -^, = 167.50. 

The test of the sample taken at the end of nine minutes gave the 
value 2^3 = 167.67. 

The discharge was then found by applying the formula, giving 

for sample (1) Q = 0.1211 [ ^5^5 ^3 g " ^1 = 262.4965 liters, 

for sample (2) « = 0.121 1 [^g^g^^^gg - 1] = 262.2241 liters 

resulting an average of 262.36 liters per second, and a difference between 
the two samples of 0.104^/^ demonstrating the great accuracy of this 
method. 

104. Schaghticoke Turbine Tests. 

The hydroelectric system being worked at different load factors, it is 
required to determine the power and efficiency of the turbine, said power 
and efficiency to correspond to the readings made at the switchboard, sup- 
posing known the powdr 
and efficiency of the 
electrical apparatus. The 
difficulty consists in find- 
ing the exact head. In 
effect when the turbine 
is running, the measure 
of the head is as indi- 
cated in fig. 164, and is 
composed of three parts: 
P* The head corre- 
sponding to the hydro- 
static pressure on the 
center of the pipe at the 
turbine entrance, this head 
being readily measured by 
means of a mercury gauge. 

2nd r^Q head corresponding to the difference of elevation between the 
center, of the pipe at the turbine entrance and the level of tail race water. 

3'^ The head corresponding to the velocity of the water in the pipe. 

The total effective head is therefore given by the relation: 




Fig. 164. 



in which 



£f,^=[6-a]y + [a-c] + A, 



y = density of mercury = 13.58, 
A^ = velocity head. 

The first two parts of this expression are easily determined, but the 
measurement of \ offers certain difficulties, which are eliminated how- 
ever, by the following method. The head corresponding to a certain velo- 
city is found by the expression: 

v = }/2gh 
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and may be determined by means of a Pitot tube, in the following con- 
ditions: Two grooved traverses are fixed inside the pipe, about 150 feet 
distant from the power house. One of these traverses corre^onds to a 
vertical diameter, and the other to*a horizontal diameter. Each one receives 
a Pitot tube in its groove, sliding at will, and connected to a glass tube 
located on the board shown in fig. 165. These Pitot tubes can occupy 15 




Pitattube 



Fig. 165. Arrangement of Pitot and Static Tubes. 

different positions on ea<;h traverse. On the board, a graduated scale is 
mounted, together with ten glass tubes, of which eight are connected to 
their respective cocks, equally distributed along the circumference of the pipe. 
These serve to indicate the static pressure; the extreme glass tubes are 
connected to the"^Pitot tubes. If the cocks are opened, the water will rise 
inside the tubes, and its level its maintained inside the 
limits of the graduated scale by means of compressed 
air. Here\«nth is given in detail the work done to 
determine the efficiency of the 5000 HP turbines of the 
Schaghticoke Plant at '/^ load. The diameter being 
variable on account of the superposition of the plates, 
an average diameter of 6.014 ft. has been taken, giving 
a pipe area of 28.37 sq.ft. Table XLII shows the distance 
from the center of the pipe, of the 15 positions occupied 
by the Pitot tubes on the traverses. It is clear that to take readings of each 
static tube for the 15 positions of the Pitot tubes would require 30 X 8 ope- 
rations, and would complicate the work, introducing thereby possibilities of 
error. It is better therefore, to gauge successively all the static tubes with the 
Pitot tubes, and establish a correction factor which will permit the making of 
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a single reading at the Pitot and its adjacent static tube. The gauging of 
the two Pitot tubes is effected by maintaining at zero the level of the 
adjacent static tube. Readings of the Pitot and of their respective adja- 
cent static tubes are then 
taken for the 15 positions 
of the Pitot across the ver- 
tical diameter, making three 
tests in each position. The 
factor of correction is then 
applied to the average of 
the three tests. These results 
permit the calculation of 
the velocity by means of 
the formula: 




SSst 



(a) Vertical Traverse 

^ 0^ Horizontal - 



t-i — 



2 3 



5 6 



769 
-26,37- 



fO if f2 f3 /♦ 



Fig. 167. Disoharge Cunree. 



Tables XLIII and XLV correspond to tests relative to the vertical 
traverse. The same operation is applied to the horizontal traverse, finding 
results as per tables XLIV and XLVI. The observations corresponding 
to the hydrostatic pressure (6 — a) have given: 

1"* test 9.684 ft. 

2«<» „ 9.693 „ 



Average 9.688 ft. 



The value of (a — c) was found to be: 

1»* test 10.36 ft. 

2°^ „ 10.32 „ 



RF.I. 
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Average 10.34 ft. 

Having calculated the velo- 
cities as indicated above, and 
it being necessary to calculate 
the actual discharge, a curve is 
plotted as per fig. 167, in which 
the abscissae are proportional, 
not to the lengths correspond- 
ing to the 15 divisions on 
the diameters, but to the 
corresponding areas, which have 
been given in table XLII. The 
ordinates corresponding to the 
velocities are given in the last 
column of tables XLV and 
XLVI. The total length of the 
base of fig. 167 represents the 
area of the pipe section, and 
the area of the curve, being 
measured with a planimeter, gives the actual discharge per second. In 
the case under consideration, the respective areas correspond to the foll- 
owing discharges: 
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Curve a, fig. 167, vertical traverse . . 276.45 cu. ft. 
Curve 6, fig. 167, horizont. tra verse . . 270.71 cu. ft. ' 

Average 273.58 cu. ft. 

The area of the pipe at the turbine entrance is 17.104 sq. ft., and the 
calculated discharge 273.58 cu. ft. per sec. Therefore the average velocity 
of the water at the turbine is 

17 10^ = 15.995 ft. per sec. 
The head corresponding to that velocity is 
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Fig. 169. Commercial Efficiency of a 3000 kw Generator. 

The static pressure given by the mercury gauge is 

_ 9.688X13.58 = 131.563 ft. - 
The total effective head is therefore 

131.563 ft. 
10.340 „ 

3.973 „ 

Total: 145.876 ft. 

The total effective head being determined as above, the actual power 
of the turbine is calculated by considering the power and efficiency of 
the generator and electrical apparatus. The connections of the electrical 
machinery is given on fig. 168, and the efficiency of the alternators on fig. 169. 

The mean power of turbine is 3866.5 HP, (table XL VII). 
The theoretical HP developed by 145.876 ft. head is: 

273.58X145.876X62.5 



550 



= 4535ffP. 



So the efficiency is 

-^ggg-- 85.26/0. 

The turbine was tested at 6 different loads and the results which 
determined the efficiency curve of fig. 170 are given in table XLVIII. As 
to the accuracy of the method used to calculate the discharge, table XLIX 
shows comparative figures, determined at the tests of the Shawinigan 
Water &; Power Company's 6000 HP turbines. 
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Distance 




Distance from 


Surface 


from Centre 


No. of Division 


Circumference 


of Cercle 


(Feet) 




(Feet) 


(sq. ft.) 


2.890 


1 


0.110 


26.23 


2.650 


2 


0.360 


22.06 


2.400 


3 


0.600 


18.10 


2.076 


4 


0.925 


13.53 


1.737 


5 


1.263 


9.48 


1.378 


6 


1.622 


5.96 


0.674 


7 


2.453 


1,04 





8 


3.000 





0.574 


9 


3.574 


1.04 


1.378 


10 


4.378 


5.96 


1.737 


11 


4.737 


9.48 


2.075 


12 


5.075 


13,63 


2.400 


13 


5.400 


18.10 


2.660 


14 


5.650 


22.06 


2.890 


15 


5.890 


26.23 



Table XLIII. — Gauging of pitot 
tube (vertical traverse). 



No. 
of Tube 



Height 

of Water 

Level 



0.0 
0.0 

-0.3 
0.5 
0.3 

-0.2 
0.0 
0.2 



Mean 
Correction 



-0.19 



Table XLIV. — Gauging of pitot 
tube (horizontal traverse). 



No. 
of Tube 



Height 

of Water 

Level 



0.0 

+ 0.1 

0.0 

— 0.6 

— 0.5 

— 0.3 
+ 0.2 
+ 0.3 



Mean 
Correction 



-0.10 







Tfikbl 


e XLV. — 


Residts of 


tests. 


Vertical traverse. 








1st test 


2d test 


3rd test 


i 










No. of 








Mean 
Pitot 


Mean 
Static 


Diffe- 
rence 
P-S 


Cor- 
rected 

(-f0.19) 


Head 

(feet) 


Velo- 


Divi- 
sion 


Level 
Pitot 
Tube 


Level 
Sta- 
tic 
Tube 


Level 
Pitot 
Tube 


Level 
Sta- 
tic 
Tube 


Level 
Pitot 
Tube 


Level 

Sta- 

tic 

Tube 


city 

(feet/sec) 




inches 


inches 


inches 


inches 


inches inches 


inches 


inches 


inches 


inches { 




1 


50.7 


39.5 


49.7 


40.0 


50.3 39.9 


50.23 


39.80 


10.43 


10.62 


0.885 


7.55 


2 


50.0 


39.8 


52.0 


39.7 


54.5 


39.6 


52.16 


39.70 


12.46 


12.65 


l.*056 


8.22 


3 


54.1 


39.5 


55.9 


39.1 


58.6 


38.9 


56.20 


39.16 


17.04 


17.23 


1.436 


9.62 


4 


58.2 


39.1 


56.9 


39.3 


57.5 


39.5 


57.53 ; 39.30 


18.23 


18.42 


1.535 


9.95 


5 


59.4 


38.8 


59.3 i 38.7 


60.8 


38.8 


59.83 1 38.76 


21.07 


21.16 


1.771 


10.68 


6 


61.4 


38.5 


54.2 ; 31.5 


54.7 


31.3 


56.76 ; 33.76 


23.00 


23.19 


1.932 


11.16 


7 


52.6 


31.1 


52.6 


30.8 


53.9 


31.2 


53.03 ; 31.03 


22.00 


22.19 


1.849 


10.90 


8 


53.6 


31.6 


52.9 


31.3 


53.7 


31.2 


53.40 31.36 


22.04 


22.23 


1.852 


10.91 


9 


52.2 


31.2 


53.1 


31.3 


53.3 


31.5 


52.86 31.33 


21.53 


21.72 


1.811 


10.82 


10 


55.0 


31.4 


53,8 


31.3 


51.5 


31.6 


53.43 31.40 22.03 


22.22 


1.852 


10.91 


11 


51.6 


31.3 


54.2 


30.9 


51.1 


31.3 


52.30 31.16 ; 21.14 


21.33 


1.777 


10.71 


12 


51.9 


31.3 


49.1 


31.6 


48.1 ( 31.7 


49.70 31.53 


18.17 


18.36 


1.530 


9.93 


13 


50.7 


31.5 


50.3 


31.4 


46.8 ; 31.8 


49,26 


31.56 


17.70 


17.89 


1.491 


9.80 


14 


48.0 


31.4 


47.6 


31.6 


46.4 i 31.9 


47.33 


31.63 


15.70 


15.89 


1.324 


9.23 


15 


44.4 


31.7 


43.1 


31.8 


44.0 


31.7 1 


43.83 


31.73 


12.10 


12.29 


1.023 


8.11 
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X 


Table LXVI. — 


Results of tests. 


Horizontal traverse. 






Ist test 


2d test 


3rd test 














No. of 












Diffe- 


Cor- 




Velo- 


Divi- 


Level 


Level 


Level 


Level 


Level 


Level 


Mean 


Mean 


rence 


rected 


Head 


city 

(feet/sec) 


sion 


Pitot 


Sta- 
tic 


Pitot 


Sta- 
tic 


Pitot 


Sta- 
tic 


Pitot 


Static 


P-S 


(+0.10) 


(feet) 




Tube Tube 


Tube 


Tube 


Tube 


Tube 
















inches 


Inches 


Inches 


inches 


inches 


inches 


inches 


inches 


inches 


inches 






1 


48.1 


35.8 


47.6 


35.7 


45.1 


35.9 


46.93 


35.80 


11.13 


11.23 


0.936 


7.76 


2 . 


49.5 


35.3 


47.6 


35.3 


48.8 


85.9 


48.63 


35.50 


13.13 


18.28 


1.103 


8.41 


8 


51.6 


35.0 


48.5 


35.9 


52.0 


84.5 


50.70 


35.18 


15.57 


15.67 


1.306 


9.17 


4 


51.7 


35.0 


53.7 


34.7 


49.9 


85.6 


51.76 


35.10 


16.66 


16.76 


1.398 


9.48 


5 


54.4 


84.7 


52.9 


34.7 


55.3 


34.5 


54.20 


34.63 


19.57 


19.67 


1.639 


10.28 


6 


57.1 


34.5 


54.5 


35.1 


54.4 


34.9 


55.33 


34.83 


10.50 


20.60 


1.717 


10.54 


7 


56.8 


34.5 


55.8 


34.6 


55.5 


84.4 


56.03 


34.50 


21.53 


21.63 


1.803 


10.80 


8 


56.3 


34.4 


55.8 


34.4 


57.9 


34.3 


-66.66 


34.36 


22.30 


22.40 


1.866 


10.96 


9 


59.3 


34.5 


57.3 


34.1 


56.3 


34.2 


57.63 


34.36 


23.37 


23.47 


1.955 


11.22 


10 


57.8 


84.2 


55.9 


34.3 


58.6 


34.0 


57.43 


34.16 


23.27 


23.37 


1.947 


11.19 


11 


56.2 


34.3 


55.7 


34.6 


56.4 


34.3 


56.10 


34.40 


21.70 


21.80 


1.817 


10.84 


12 


55.0 


34.8 


53.9 


34.5 


55.2 


34.5 


54.70 


34.60 


20.10 


20.20 


1.684 


10.44 


13 


51.8 


35.0 


52.7 


34.9 


51.9 


34.9 


52.13 


34.93 


17.20 


17.30 


1.442 


9.64 


14 


49.1 


35.1 


49.5 


34.8 


48.9 


35.1 


49.16 


85.00 


14.16 


14.26 


1.189 


8.75 


15 


43.6 


85.4 


44.1 


35.0 


44.0 


35.6 


43.90 


35.38 


8.57 


8.67 


0.723 


6.83 



so 



7S 



n^^^ 



Qso o,so 0,70 qso QSO i,00 
Load Factor 

Fig. 170. Turbine Efficiency Curve. 



Table XLVII. — Switchboard, readings during tests. 
(Generator 3,000 kw.; 16 Poles, 300 R. P. M.) 



i s" 


Load 


Am- 


Am- 


Am- 










KW at 


*<fi bl .^s 


& 


factor 


peres 


peres 


peres 


Volts 


Volts 


Watts 


Watts 


Switch- 
board 


Ge::c 
core 
cienc 

HI 

Turb 


40 


100 


2.8 


2.33 


2.25 


109 


109 


218 


216 






40 


100 


2.31 


2.33 


2.28 


110.5 


110.3 


228 


217 








40 


100 


2.31 


2.32 


2.3 


110.1 


110.1 


224 


218 


2.783.11 


96.75 


3.851 


40 


100 


2.35 


2.33 


2.25 


110.0 


110.0 


223 


218 








40 


100 


2.30 


2.34 


2.24 


110.5 


110.5 


220 


214 








40 


100 


2.35 


2.32 


2.23 


110.2 


110.2 
lll.O 


225 


213 








40 


99 


2.35 


2.33 


2.22 


111.0 


230 


215 








40 


99 


2.32 


2.36 


2.28 


110.8 


110.8 


218 


220 


[ 2.803.72 


96.75 


3.882 


40 


100 


2.33 


2.34 


2.28 


110.7 


110.7 


225 


218 








40 


100 


2.30 


2.32 


2.26 


110.8 


110.8 


223 


217 









Digitized by 



Google 



186 



Turbines. 



Table XLVIII. — Determination of turbine efficiency at six different loads. 



Tests 



KW at Efficiency 
Switch- I of 
board ! Generator 



HP of 
Turbine 



Mean HP 

of 
Turbine 



Load 
Factor 



Turbine 
Efficiency 



1 / a 2002 

^\b 2013 

n / a 2817.6 

"^Xb 2823.7 

o/a 3112 

"^Xb 3128.4 

./a 2783.1 

^Xb 2803.7 

c / a 3679 

^Xb 3686 

« / a 1854 

^Xb 1910 



95.5 

95.5 

96.75 

96.75 

97.1 

97.1 

96.75 

96.75 

97.25 

97.25 

95.8 

95.3 



2810 
I 2825.5 

8903.8 
i 3912 
I 4296 
I 4318 

3851 

3882 
I 5071 
^ 5080.7 
I 2607 

2686 



2817^ 
5000 

78.16% 



}^^^'^'^ I tS = ^^-^^'/o I 81.040/, 

} 3908 I 

} 4307 

} 3866.5 I 

I 5075.8 I 

} 2646.5 j 



86.14 

77.33 

101.52 

52.93 



84.61 
i 84.63 
I 85.26 
j 82.38 
i 81.57 



Table XLIX. 



Curve 


Results 

by 

indicated 
Method 


Results by Formulae 
of Discharge over Weirs 




Francis 


Bazin 


Fteley 
& Steams 


1 St test 

Mean of 3 other tests . . 


204.7 
263.6 


200.3 
257.3 


200.3 
261.3 


201.4 
262.3 



105. Discharge Measurements by Means of Venturi Meter. 

Venturi meters may be used to measure the quantity of water supplied 
to a turbine by an arrangement as shown in fig 171. 

The principle of the Venturi 
meter is as follows: Suppose that 
water flows from a tank through 
a well rounded outlet into a pipe 
as shown in flg 172, the head 
.^ required to give the velocity to 
the water V^ is 




H. 



2g' 



The head lost at the throat 
Fig. 171. Venturi Meter used as a Head Gate, will be determined by the re- 
lation 

The Venturi head or H^ will be determined by the relation 






2(7 



(1) 



If i2::= ratio of cross-sectional areas A and B, then 



F =- * 
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Measurement of Water supplied to Impulse Wheels. 

Therefore, (1) may also be written 

V* — ?L F«M -I 

^[^ B* __ "^^ V R^J 

from which the value of F^ in function of H^ is found: 
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n= 



^ l2gH, i/ iJ» , 



(2) 



r 



t... 




M, 



._i. 


4f 




//^t- 


— - — 








-z 


c ^ 


-«. 




> 





Fig. 172. The Venturi Meter. 

It is observed, then, that (2) gives a direct relation between throat 
velocity and Venturi head providing there are no losses due to friction 
or eddy currents. In fig 172, H^ represents the friction head. Experience 
shows that the Venturi meter is accurate to within, 2^/^ approx. 



106. Measurement of Water supplied to Impulse Wheels. 

There are very few records of water quantities used by impulse 
wheels, and therefore the efficiency of such a machine is a matter of 
difficult computation. Prof. W. Eckart has made some very original in- 
vestigations in this line, and the mention 
of the method developed by him in his 
experiments is of unusual interest. These 
experiments were made at Deer Creek. Mr. 
Eckart developed a special pitot. tube 
designed to me€isure velocity heads in im- 
pulse wheel nozzles, and the auxiliary 
apparatus consisted in a contraction gauge 
arranged to measure the diameter of the jet 
(fig. 173) and Crosby pressure gauges in the 
main pipe just back of the nozzle. Prof. 
Eckart describes the method as follows: 
"The impulse wheel of the Deer Creek plant 
is regulated by a deflecting nozzle, which is 
provided with a needle for shutting down 

the flow by hand Pitot tube tests were made for four positions of the 
needle in the nozzle, the jet velocity for each position being calculated 
by the formula: 

F = V'2"p 
where V = velocity in feet per second, and 




Fig. 173. 



h = head in feet read from the Pitdt tube. 
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The values of h at various distances from the center of the jet, at its 
minimum cross-section, were reduced to a mean value by the following 
calculation, which also gives the total discharge. The velocity determined 
by the pitot tube was assumed to be uniform in all points equidistant 
from the center of the jet, so that at any distance r from the center, we 
have an elementary annular ring of width dr, length 2nr^ and area 2nrdr^ 
throughout which the velocity V is uniform. The volume of discharge 
for this ring would be 27irdrV or dQ whence: 

R 

Q = 2nJVrdr = va 



where Q = discharge in cubic feet per second, 

V = mean velocity of jet in feet per second, and 
a = area of the jet in square feet. 

Hence: 

'Vrdr 



v=2n\ 



Plotting a curve having for its abscissae the values of r, and for its ordi- 
nates the corresponding values of 27irF, the area under this curve will 
be equal to the total volume of discharge of the jet or: 

R 

27tJVrdr 



from which the mean velocity may be obtained by dividing by the area 
of the jet. This curve of values for 27irV may be obtained graphically 

from the curve of velocities as follows: Draw 
the velocity curve with ordinates equal to the 
velocities determined by the pitot tube, and 
abscissas equal to the distance from the jet 
at which me6wurements were taken, fig. 174. 
The curve may be constructed upon the same 
base, and the same scale for ordinates may be 
used if the value of 27ir at the outer edge of 
the jet be taken as unit, so that: 

2nrV=V, 




JJUJJJAA. 



Fig. 174. 



then the length of the ordinate for the curve 
OP or for any point A^^ on the velocity curve 
where the velocity equals Fj would be found 
graphically by the intersection of the diagonal 
OF and the ordinate through A^. Other points 
on the curve being located in the same manner, 
the area beneath it may be determined by planimeter, and the 
mean velocity by dividing this area by area of the jet. The total 
power of the jet will be the sum of the kinetic energies per second of 
all elementary portions of the cross section. If ^ is the power in foot 
pounds per second, and e the power in foot pounds per second per 
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unit of area, then the total power for any elementary annular ring 
would be 

dE = 27iredr 



and for the whole jet 



E = 27ijerdr = c,a 



where c^ = mean power of the jet in feet pounds per second per unit 
of area, and 
a = total area of the jet in square feet. 

This may be treated graphically by plotting the energy curve in place of 
the velocity curve. 

107. Bearings. 

There are two classes of bearings: bearings for horizontal shafts and 
bearings for vertical shafts. As both types are different, each will be con- 
sidered separately. A horizontal bearing consists of a collar on the re- 
volving shaft bearing against a fixed surface. In practice, several forms 
of bearings are used, but it should be noted that whenever possible, the 
bearings are preferably not submerged, unless they are of the lignum 
vitae type. These are sometimes lubricated by water only, whereas, in 
other cases, lubrication is effected with forced grease; for this purpose 
the boxes are water tight, and flow into them is prevented by stuffing 
boxes located at each end of the main box. The bearings must be always 
accessible, either by man holes, or by other means. When the bearing is 
not submerged, and in order to prevent as far as possible overheating of 
the oil, the oil chamber about the bearing should be as large as prac- 
tically possible, otherwise special- cooling devices must be installed. Ex- 
perience shows that the bearing secured to the wheel case gives more 
satisfactory results than one having a special support, the latter being liable 
to get out of alignment. As to the lining of cast iron bearing boxes, white 
metal bushing give better results than the ordinary bronze bushing. The 
object of the thrust bearing is to counterbalance the thrust caused by the 
action of the turbine ^^hen the discharge is in one direction. Mr. A. Giesler^ 
describes as follows the thrust bearing device used in connection with the 
Snoqualmie Falls turbine. 

"Single wheel horizontal shaft units are relatively infrequent in turbine 
practice, especially in large sizes, where the thinist of a single runner is 
large enough to require careful consideration. The thrust is made of two 
parts: first, that due to the static pressure or effective head of water at 
the various points of the rurmer surface; and second, that due to the 
deflection of the water from a purely radial path through the wheel. As 
concerns the first part, the front face of the wheel is pressed upon by a 
pressure varying from the supply head at the outer circumference to the 
discharge pressure (vacuum) at the irmer edge of the vanes, which latter 
extends over the whole central area of the runner (and shaft extension). 
The rear face of the runner is subjected to the pressure of water leaking 



Engineering News — March 29 — 1906. 
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through the radial air-gap between casing and runner, substantially equal 
to the supply head. This greatly overbalances the pressure on the front 
face, and the resultant thrust is to the right in fig. 175 (toward the draft 
tube). The discharge ends of the vanes, being curved transversely, also 
have a pressure Cf^mponent directed toward the right. The velocity effect 
produces a thrust directed toward the left, but this is very small and 
does not materially reduce the pressure thrust. By far the larger part 
of the pressure thrust is eliminated by venting the space back of the 
runner into the discharge space. Six holes through the wheel near the 
shaft, have this function. The water leaking in through the air-gap is con- 
tinuously discharged through these vents into the draft tube, and the 
accumulation of any large static pressure back of the wheel is thereby 

avoided. The average 
pressure on the front of 
the runner however, is 
always lower, and the 
resultant thrust is there- 
fore toward the draft- 
tube, though its amount 
varies considerably, being 
grea-test for full gate 
opening. This thrust is 
taken up by the balanc- 
ing piston immediately 
back of the rear head of 
the wheel case, and the 
ultimate balance and ad- 
justment of position is 
su^complished by the col- 
lar thrust bearing behind 
the balancing piston. The 
balancing piston is a for- 
ged enlargement of the 
shaft, finished to a dia- 
meter of 17 inches, which 
works in a brass sleeve 
set in a hublike pro- 
jection on the back of the wheel-housing. The inside of the sleeve has 
six circumferential grooves, each one inch wide and one quarter inch 
deep,, as water packing. The chamber in front of the piston communi- 
cates by a pipe (containing a strainer) with the supply casing of the water 
wheel, and therefore receives the full pressure of the supply head. The 
chamber" back of the piston is drained to the draft tube, so as to carry 
off any leakage past the piston. The device thus produces a constant 
thrust on the piston, directed toward the left. By throttling the pressure 
pipe, this thrust can be adjusted as desired. The thrust bearing shown 
in fig. 175 and in detail in fig. 176, consists of a group of four collars on 
the shaft, working in a babbited thrust block which is bolted, to the back 
of the wheel housing. The collars are formed on a steel sleeve which fits 
over the shaft and is bolted to the rear face of the balancing pistom; this 
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makes it possible, when collars are worn out, to renew the bearing by 
dismounting the thrust block and placing a new sleeve. The thrust bearing 
is lubricated by oil immersion. An oil chamber is cored in the block, 







- ^^• 




Crofls Section. 



Longitudinal Section. 



Fig. 176. Thrust-Bearing-Snoqualmie Wheels. 

and communicates by numerous oil holes with the bearing faces; a con- 
stant flow of oil is maintained by means of oil supply and drain pipes. 
Concentric with the oil cham- 
ber and outside of it, a water 
chamber is cored in the block. 
Cooling water is supplied to 
this chamber by a pipe from 
the pressure side of the tur- 
bine, and drains from the top 
of the bearing through a drain 
pipe to the draft tube. A 
U-pipe attached at one side 
of the bearing forms connection 
between the water chambers of 
the upper and lower halves of 
the block. This detail avoids 
making the connection by a 
hole through the joint face, 
which would allow leakage of 
water into the oil space apd 
into the bearing. The balanc- 
ing piston is so proportioned 
and the pressure supply pipe 
is throttled to such a point as 
to give exact balance (i. e. with 
zero thrust in the thrust bear- 
ing) at about half to five eights 
the full output of the wheel. 
At larger power there will be 
an unbalanced thrust to the 
right, and at a smaller output 
to the left, which are taken by the thrust bearings. The maximum thrust 
on the collars is about 25 000 lbs. The collars are 2| inches high (2| inches 
effective) by 13| inches mean diameter, giving a total effective bearing 
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Fig. 177. Oil-Pressure Step-Bearing for Vertical 
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area on 4 collars of 418 square inches. The maximum collar pressure is 
thus about 60 lbs. per sq. in." 

If twin turbines are used on a single shaft, it is best to arrange 
their discharge in opposite directions, the thrust of one being then counter- 
balanced by the thrust of the other. Vertical pressure or step bearings 
for vertical shaft turbines are generally supported above water, where they 
are readily accessible. Fig. 177 shows a bearing designed by M. V. Gelpke. 
The oil under pressure is acting between the discs, and the result of its 
upward force is the counterbalancing of the downward forces, and oil 
grooves are provided so that it will operate as an ordinary step bearing. 
The thrust bearing used at the Niagara Falls Power Company's plant is 
illustrated in fig. 178. The discs were made of close grained charcoal iron 
of 25000 lbs. tensile strength, and the mating faces were scraped to a 




^Jr 




moum 



Fig. 178. Thrust or Hanging Bearing 

of the Wheels of the Niagara Falls 

Power Co. 



Fig. 179. Pivot. 

bearing. Three different types of 
thrust bearings were constructed, 
their diflFerence consisting in the 
method of lubrication employed: 
forced lubrication, a combination 
of forced and self-lubrication, 
and self -lubrication alone. In the 
combination bearing, arrangements are made to utilize two different 
pressures: the low pressure oil emanating from a general lubricating 
system, and the high pressure oil from a special pump introducing 
the oil between the discs under 400 lbs. pressure. The thrust discs are 
enclosed in a casing which is provided with two slight holes, in diametric- 
ally opposite positions, permitting the observation of the condition of the 
bearing and the temperature of the oil, by means of a thermometer hanging 
in the oil. The oil is cooled by water circulating pipes inside the casing. 
Guide bearings are always used if the shaft is somewhat long, and when 
a thrust bearing such as those described is found to be too expensive, 
a pivot, as illustrated in fig. 179 may be used at the lower end of the 
vertical shaft, thereby supporting the whole turbine shaft. The stationary 
disc is fastened by means of steel dowel pins to a third disc which has 
a spherical seat scraped to fit a support. This spherical disc allows slight 
deviations from the vertical. 
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108. Fly- Wheels. 

To insure uniform operation of alternators working in parallel, as 
well as to take care of the fluctuations of load and fluctuations in water 
pressure, it is necessary to apply a fly-wheel which is independent of the 
centrifugal regulator. In large units, the inertia of the rotating parts may 
be sufficient, but in m^ny cases, a fly-wheel is required. The allowable 
coefficient of irregularity in alternators running in parallel is determined 
by the expression: 

the value of which for best results, was generally taken as goo* ^ i* 
can be admitted that 



Calling 



V V 

%X7 *^^ = 0.005. 

E = energy stored in fly-wheel, in ft. lbs., 
W = weight of wheel in lbs., 
V = velocity or speed in feet per sec, and 
g= constant of gravity = 32.16; 

the stored energy in the fly-wheel is determined by the expression: 

E^^(p^I^itAhs (1) 

The peripheral speed of the wheel in fimction of tlie radius R is 

F = 27ri?F^,ft. per sec. 

in which F,^ is the speed in revolutions per second. 
Substituting in (1) 



J5. ^ 



32.16 



4 7l«i?VF^^a» ^^^>^ -)jft.ib8, , , . . (2) 



One horse power is equal to 550 ft. lbs. per sec, and may be written 
in function of kilowatt-sec as follows: 

1 Kw. sec X p, . .^ r „ 

or a;^ 740 ft. lbs.; - 



0.746 Kw. sec 550 ft. lbs. sec. 
establishing the approximate equality: 



^ = m Kw.sec. = 740ft.lbs.Xm; i. c: — =lKw. sec. 

m 

Formula (2) may be written: 

wb:' = ^^^ rQ^ 

^^ jr^rF^ F2 s w 

■^ V ^ «ec max "^ r mc mtn; 

The safe peripheral velocities of fly-wheels of different materials are: 

Mutter, Hydroelectrical Engineering. |q ^-^ ^ 
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Cast iron = 30 to 40 ft. per sec, 
Steel = 120 to 150 ft. per sec., 

Solid steel = 300 ft. per sec. maximum. 

The length of the penstock aflfects the revolving parts of a turbine, 
so that the WB^ effect may be written as follows in English measure: 

}fB^=16232-^^^^V^- (4j 

and the energy absorbed or given out by the revolving parts due to a 
change in spe^d may be written: 

^-±~2936r (^) 

where the negative sign indicates that the revolving parts absorb energy 
upon a rise in speed. The time required to change the gate-opening is 
found by: 

r = 0.0201- ^^^~^^^ (6) 

in the above (see page 93): 

W = combined weights of the revolving parts of the turbine, 
R = radius of gyration of revolving parts, 
8 = speed of turbine in r. p. m., 
L = length of penstock in feet, 
P = horse power of turbine, 

p= 0.0201— ^-^= — ^- = rise in pressure due to closing of gate, 

Vi = normal velocity of water in penstock, 
v^ = velocity after change in gate opening, and 
d = percentage of speed variation. 

Let it be required to calculate the WB^ of the revolving parts] of 
a 5000 HP turbine, the penstock being 1000 ft. long, with a normal velo- 
city of flow in the same of 6 ft. per sec. The allowable speed variation 
from full to no load is limited to 8**/o and the rise in pressure in the 
penstock should not exceed 60 lbs. per square inch when full load is 
thrown off. The speed is 250 r. p. m. By substitution in (4), and con- 
sidering that ^2 = 

WR' = 16232 5000^i000><6 _ ^ ^^3200. 
60X250^X0.08 

The minimum time required to close the gate in order that the 
pressure of 60 lbs. per sq. in. be not exceeded is: 

j.^0.0201 1^-^ = 2.01 sec 



109. Couplings. 

Hydraulic and electric machines are generally coupled together by 
some mechanical connection, known respectively as rigid, flexible and 
clutch couplings, used for both horizontal and vertical machines. The 
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flexible or elastic coupling is the one that is generally used for hydro -elec- 
tric work, as it tends to reduce shooks due to fluctuations in the^angular 
speed of the machines, besides allowing for differences in alignment. 
There are many forms of flexible couplings, all of which present more or 
less simplicity of design. There is a coupling consisting of a wheel and 
a spider, one rigidly mounted on each shaft. The pins, with which both 
are provided, are connected by springs. A coupling which is strong, 
flexible and very simple is the Zodel Joint. It consists of two flanged 
plates, located one inside of the other, and^oth provided with slots, 
through which a cotton or leather belt is wound in and out. The plates 
have the appearance of being sewed together. Friction clutch couplings 
have the advantage over any other clutch coupling of permitting the 
throwing on of a load shaft without ^topping the driver, and also of being 
readily disconnected, so that generators can be stopped without interfering 
with the turbines. The principal advantages lies in the fact that the load 
of machine can be put on slowly and without shock. In small plants the 
inertia of a coupling is sufficient to act as a fly wheel, thereby counter- 
balancing the fluctuations of the load. 

110. Relief Valves and By-Passes- 

These are used on long pipe lines in order to allow the escape of excess 
energy produced by the closing of turbine gates or other causes. The most 
efficient types in use are the Lombard hydraulic relief valve (diagramatic- 
ally represented in fig. 180) and the Sturgess automatic relief valve (illu- 
strated in fig. 181). 




Fig. 180. Lombard Hydraulic Relief Valve. 



Fig. 181. Sturgess Relief Valve. 
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The Lombard valve consists of the following parts/ viz.: A valve disc c 
capable of motion to or from its seat, b, rigidly connected by means of a 
rod, i, with the piston, /*, in the cylinder, e. The whole valve is bolted to 
a jQange upon the supply pipe, d, wherein the pressure is to be controlled. 
The area of piston, f, is somewhat greater than that of the valve disc, 
c, so that when water at the same pressure is behind the piston and in 
front of the valve, there is a positive and strong tendency to hold the 
valve closed. For the purpose of allowing the valve disc, c, to open at 
proper times to relieve excess pressure in the supply pipe, d, there is 
provided a regulating waste valve, 0. This valve is opened or closed by 
a piston, n, opposed by an oblong and strong spiral spring, p. Piston, 
n, is a loose fit in its cylinder, o, so that it moves upward freely in 
response to the least excess in pressure upward due to the water in the 
cylinder, o, opposed to the downward pressure of the spring, p. The piston, 
n, is connected by means of the stem, wi, with a double seated balanced 
valve, d, which of course, opens simultaneously with any upward move- 
ment of the piston. Water under existing pressure is admitted into the 
cylinder, c, through the pipe, i, and throttle valve, I. 

The essential element in the Sturgess automatic relief valve is a large, 
very sensitive diaphragm of special construction. This is under the influence 
of the water pressure in the pipe line and its movements are communicated to 
a small pilot valve controlling a hydraulic cylinder which in tuip operates the 
relieving valve on the relief valve proper. After th^ pressure in the pipe line 
is restored to normal, the relief valve gradually closes automatically. The 
action of this valve is almost instantaneous, and it will fully open on a 
very small rise of pressure. These valves can either be made in self 
contained form, or the sensitive parts (diaphragm, pilot valve, and hy- 
draulic cylinder) may be mounted on a pedestal placed in the power 
house, and the relief valve proper attached to the penstock or wheel 
casing, a rod or link being provided to connect the two (as in fig. 181). 
The by-pass consists generally of a valve the opening of which is suffi- 
cient to allow the escape of the total volume of water demanded for the 
operation of the turbine. Its operation is contrary in effect to the operation 
of the turbine gate, the opening area of the by-pass increasing in the same 
proportion as the turbine gate opening decreases. In this way, shocks due 
to water hammer will never occur, and the by-pass is used to its best 
€kdvantage in connection with impulse turbines. If economy in water 
consumption is imperative, a temporary by-pass may be used, which differs 
from the other in that it closes automatically and slowly as soon as the 
closing movement of the turbine gate ceasea 

IIL Speed Regulation. 

In all commercial plants, where the loaul is variable, the prime factor 
to be considered is a uniform speed of the revolving machinery, a con- 
dition which requires automatic devices for controlling the admission of 
water to the wheels; this is accomplished by some form of governor which 
acts upon the turbine gates, closing or opening these, whenever the velo- 

' Lombard Bulletin. No. 101. 
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city exceeds or falls below the normal. Regulation of turbines supplied 
by long penstocks is difficult, as a partial closure of the turbine gates 
results in a sudden increase of water pressure within the penstock, and 
the contrary operation produces a decrease in the penstock pressure and 
consequently a partial vacuum. It is also necessary to obviate these con- 
ditions by the use of pressure relief valves, by-passes, standpipes, air- 
chambers or fly wheels. 

112. Governors. 

The generator voltage being directly proportional to the speed, it is 
of prime importance to maintain constant speed in the turbine, a con- 
dition which is assured by the governor. 

Governors are classified according to the type of their relay, some- 
times called servo-motor, and which consists of an auxiliary motor or 
other device, using mechanical, hydraulic or electrical power, or oil pressure, 
and transmitting energy of the sensitive centrifugal governor, and con- 
trolled by it in the operation of the gates. 



Un^ Disc 



113. Governors. Mechanical Type. 

The power for a mechanical governor is usually furnished by the 
turbine. A governor which is much in vogue is the "Repogle", described 
as follows by its designer In the diagram, fig. 182 il is a spherical pulley 
with its shaft turned down and threaded as at X, B and B are oppositely 
revolving concave disks lined with leather. C and G are lignum-vitae 
pins flush with the leather. D and D are compression springs for causing 
the necessary pressure between the disks and the sphere. E and E are 
governor balls so poised as to re- 
quire the weight of il to balance 
them at normal speed. ^ is a loose 
collar to allow independent revo- 
lution of the balls E, E, is the 
point of connection between A and 
the gates or valves of the motor to 
be governed. X is the relay device, 
and is for the purpose of prevent- 
ing racing, also for the purpose of 
properly dividing the load in parallel 
units. Z is a stationery spindle or 
connecting link between collar F and 
the threaded shaft or pulley A. Z is 
only stationery in reference to revolution, as it rises or falls with the variations 
of the governor balls. Fig. 183 shows a Woodward simple mechanical governor. 
Letters a and h show two friction pans which are loose* on the shaft, 
the upper one being suppoHed by a groove in the hub, and the lower 
one by an adjustable step-bearing. The friction wheel which is double 
faced and bevelled to fit the pans, is keyed to the shaft. This shaft 
and friction wheel run continuously and have a slight endwise move- 
ment. Being supported by lugs on the ball arm, they rise and fall 
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Fig. 183. Diagramatio Section of Woodward Simple 
Mechanioal Governor. 



as the position of the balls varies with the speed. The power necessary 
to move both the centrifugal governor balls and the relay is transmitted 
through a belt to the pulley P. With a normal speed, the pans are 
stationary and the friction wheel revolves freely. With a change of speed 

the friction wheel is brought 
against the upper or lower 
pan a^ the speed is either 
slow or fast. The pan is 
thereby revolved, and being 
connected with the gates, 
operation result in the proper 
direction until the speed is 
normal again. As the gate 
opens, the nut d travels 
along the screw e which is 
driven through gearing by 
the main governor shaft, and 
as the gate reacts, the nut 
d coming in contact with 
the lever f, throws the 
vertical shaft upward, and 
puts the governor out of 
commission. If the friction 
load is comparatively small, the water wheel being direct connected to 
a single machine, the relative change in load, and consequently the 
possible change in speed, is much larger, in which case this tjrpe of 
governor is subject to racing of the wheel, a condition that can be avoided 

by the use of ther 
Woodward compensat- 
ing governor, shown in 
fig. 184. The pulley 
P operates the relay, 
while the centrifugal 
governor balls are 
moved by the pulley q 
which is independent 
belt-connected to the 
turbine shaft. The cen- 
trifugal governor balls 
are supported by a 
hallow shaft and two 
lugs placed on the ball 
arms connect with the 
spindle f which rises 
and falls. The centri- 
fugal governor balls 
cause the spindle to rise or fall thereby changing the position of the 
tappet arm g and causes either of the tappets U^ to engage a double 
faced cam h. This cam is in continuous rotation as shown in the figure. 
The tappets are connected to a common suspension arm to which the 




Fjg. 184. Diagramatic Section of Woodward Vertical 
Coifipensating Mechanical Governor. 
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vertical spindle is attached. By means of the lever connections J and K, 
the tension rod I is connected to an eccentric at the bottom. In turn, 
the tension rod I is connected by the lever m with the vertical bearing 6 
connected to the main shaft; t* is a counterweight. The rotating cam 
engaging either tappet, the resulting movement turns the rocker shaft K^ 
thereby raising or lowering which in turn engages the friction wheel 
against either pan as in the simple governor. 

X)n the lower end of the cam shaft is a friction disk, r, which rests 
on a rawhide friction wheel on a diagonal shaft. The hub of the friction 
is threaded and fits loosely on the diagonal shaft which is normally at 
rest. The effect of the continually rotating friction disc upon the raw-hide 
wheel is evidently to cause it to travel along the threaded diagonal shaft 
to the center of the disc. When the governor moves to open or close the 
gate, the diagonal shaft which is geared to it, is turned, and the friction 
wheel is caused to travel along the shaft away from the center of the 
disc, and thus raise or lower the cam shaft so as to separate the cam from 
the tappet which is in action, before the gate has moved to far, thus 
preventing racing. As soon as the gate movement ceases the disc causes 
the friction wheel to return to the center of the disc along the threaded 
shaft. To prevent the governor from straining when the gate is fully opdn 
or closed, suitable cams are mounted on the stop shaft. When the gates 
are completely opened the cam engages the speed lever and holds it down 
so that it cannot raise the lower tappet sufficiently to engage the revolving 
cam; this does not, however, interfere with the upper tappet to prevent 
the closing of the gates, should the conditions demand. The closed gate 
stop acts in a similar manner on the upper tappet, but does not interfere 
with the lower tappet being engaged, should the conditions demand that 
the gate be opened. In addition to these stops, the governor is provided 
with a safety stop the function of which is to immediately close the gates 
should the speed governor stop through breakage of the belt or from any 
other cause. 

114. Governors. Hydraulic Type- 

These are operated by water or oil pressure and by means of a piston 
and a cylinder. The governor consists of the ordinary type of centrifugal 
balls put in motion by the turbine shaft, and connected to the gates. 
When oil is used, the necessary pressure is furnished by an oil force 
pump. The use of oil reduces to a minimum the wear of the interior 
working parts, which therefore do not require any separate lubrication. 
Governors of this kind are the Lombard, Sturgess and Glocker- White. The 
latter, fig. 185 is manufactured by the I. P. Morris Company, and the 
essential feature are the governor's centrifugal balls -4, partially filled with 
mercury, and divided into two chambers when running at normal speed. 
When the speed increases, the centrifugal force causes the mercury to 
flow from the lower to the upper chamber; thus the center of gavity 
increases in a greater ratio than the speed. The action is transmitted 
through a system of levers to a small pilot valve, controlling a relay valve 
admitting oil to the cylinder, which in turn causes movement in the 
turbine gates. Fig. 186 shows a simple and efficient hydraulic governor 
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applied to an impulse wheel. Mr. Thurso describes it as follows: In the 
valve chamber g is the admission valve r, which is in the shape of a 
differential plunger, and is kept floating by the difference of water pressure 
existing in the spaces a and b: The pressure water after passing through 
the filter enters the valve chamber at a, and flows through the bore in 
the admission valve into the space h. The pressure in space b is regulated 
by the size of the vent hole opening, which is controlled by the regulating 
valve v, which in turn is moved by the centrifugal governor. At normal 
speed, the admission valve r is in the middle position, as shown, the port 
d of the relay cylinder being closed. Water flows continuously from a 
through the bore in the admission valve r to the space b and from there 
through the vent valve to the space c and then escapes 
through the waste pipe shown. Wlien the speed of the 
turbine decreases, the centrifugal governor raises the 
regulating valve v, the pressure in the apace h m reduced, 
and the admission-valve raised, permitting the pressure 





Fig. 185. Glooker-Whitc 
Grovemor. 



Fig. 186. Hydraulic Governor for Impulse Turbines. 
Built by Escher Wyss k Co., Zurich, Switzerland. 



water to flow from a through the port d into the relay cylinder, forcing down 
the relay-piston and thus opening the tongue of the turbine nozzle, that is, 
increasing the gate opening. However as the fulcrum of the lever whjich 
moves the regulating valve v, is connected to the piston rod of the relay - 
piston, the downward movement of this piston returns or lowers the 
regulating valve v, which decreases the vent-hole opening, and thus causes 
an increase in the pressure in the space &, which forces the admission 
valve back to its middle position, and thus stops the motion of the relay 
piston and the tongue. With an increase in the speed of the turbine, the 
opposite action takes place, the regulating valve v being lowered and the 
pressure in the space b is increased. This forces the admission valve r 
down and permits the pressure water in the relay cylinder to escape 
through port d, space c, and the waste pipe shown; and the water pressure 
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existing in the space above the tongue and below the relay piston forces 
the latter upwards. The governor is very sensitive and quickacting on 
account of the small mass and inertia of the regulating valve v, the com- 
paratively large areas of a, 6 and c, the floating state of the admission 
valve r, and the continuous flow of water through the valve chamber g. 




Fig. 187. Pelton Wheel and Details of Regulator. 




Fig. 188. Circular Nozzle closed 
by sliding Cut-Off. 




Fig. 189. Circular Nozzle with Long 
Needle passing through Sheath. 




Fig. 190. Cachin Regulator. 



In most cases the nozzle is stationary while the needle, which cuts off 
the water supply when moved forward is put in motion by the governor. 
This is illustrated in fig. 187. Fig. 188 shows a circular nozzle closed by 
a sliding cut-off, whereas fig. 189 shows a circular nozzle with needle passing 
through sheath. 

Fig. 190 illustrated the Cachin type of hydraulic governor. 
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115. Governors. Electrical Type. 

Turbines may also be controlled electrically from the switchboard, 
and the necessary power to put the gates in motion may be furnished 

by the generator coupled to the turbine as 
illustrated in fig. 191. A is the generator 
furnishing the current, JB is a motor placed 
in or out of circuit by means of the mercury 
switch D put in motion by the governor balls C, 
The motor is made to run in the proper di- 
rection, or to reverse, according to the position 
of the switch. 




Fig. 191. Diagram of Electric 
Type Governor. 




116. Regulating Gates. 

The following gate arrangements have 
come into general use for controlling the 
admission of water into reaction turbines. 

The cylinder gcUe consists of a smooth cy- 
linder sliding closely between the distributor 
and the runner, and thereby regulating the 
flow of water into the buckets. The efficiency 
of turbines equipped with cylinder gates is 
high only when the gate is wide open; the 
,, part gate" efficiency may be improved by the 
use of two or three story turbines which are 
regulated by a common cylinder gate. The de- 
tails of a vertical turbine with cylinder 
gate is shown in fig. 192. 

The register gate consists of a 
rotating cylinder having apertures 
which correspond with the outlet 
openings of the guide buckets. When 
the register gate is partly closed, eddy 
currents of considerable strength are 
produced, with a resultant decrease in 
part gate efficiency. It is sometimes 
placed inside or outside the guide-ring 
but in general, this form of gate has 
found little application of late. 

The fvicket gate. In this gate all 
the vanes move and thus increase or 
decrease the discharge openings of the 
buckets simultaneously. Probably this 
is the most satisfactory gate for medium 
or high heads. Fig. 142 illustrates a 
wicket gate of the improved New 
American turbine. 



Fig. 192. Details of Vertical 
Turbine with Cylinder Gate. 
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117. Screens. 

The design of screens does not in general receive a sufficient con- 
sideration, and it seems quite customary to neglect this important element 
of a power plant. The absence of a thorough knowledge of all its features 
may involve an unnecessary increctse in operation cost. 

The purpose of screens is to strain out of the water, such floating 
matter as leaves, bark, grass, wood debris, ice, etc., so as to prevent choking 
or damaging the turbines. As the speed of water in a head race is usually 
2 to 3 feet per second, this speed must be gradually increased to the speed 
in the intake tube of the power house; it is obvious then, that the velo- 
city of water through the screens must not be less than the velocity in 
the head race, i. e. 2 or 3 feet per second, and therefore the clear area of 
rack section for the passage of water must be calculated to permit the 
flow without loss of head. 

Screens are made in such sections that can be easily handled, weighing 
not more than 500 pounds and from 4 to 6 ft. wide. These sections are 
made to slide down along supports or guides, and two adjacent sections 
are usually separated by T bars. 

The principal object to be kept in view in the design of screens is 
their simplicity in construction. It must not be forgotten that they must 
often be taken out, dismounted, the bars straightened and put back into place. 

Screens are divided into two classes; fine screens, composed of wrought 
iron or steel bars varying from ^" to ^" thickness, 3" to 4" width, and a . 
clear sp€icing of |" to 2"; coarse screens are made of bars f" thick, 4" to 5" 
width and offering a clear opening of 3'^ These bars are assembled in 
sections by means of rods, gas pipe separators and bolts, the simplest and 
most useful arrangements and details being shown in fig. 193. 

To prevent their tipping over, they are fastened at the upper end 
by latches or clasps. It frequently happens that material will accumulate, 
completely stopping the flow if they are neglected for one reason or another; 
hence it is necessary^ as a basis for resistance calculations, to consider that 
the entire screen for each bay acts as a dam. 

In many instances, it will be found necessary to design supports, 
consisting either of a set of steel frames or simply of some / beams, 
conveniently spaced to resist the water pressure and anchored into the 
forebay piers. Such supports must be calculated so as to sustain the entire 
head of water. 

To determine the clear screen area allowing the water flowing through 
them with a velocity of 2 or 3 feet per second, it can be assumed^that ^ 
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2S^Iq of the total screen area is obstructed by the bars, rods, etc., so that 
the apparently required area, for a velocity v would be represented by 

4 Q 



A = 



3 V 



but as a contraction of water is produced, a correction must still be made 
to allow for diminished section of screen area bringing the actual screen 
area to 

4 Q 



A = 



3 /*v 



H\ 



-A^ 



^A 




Cos rip€ Septttafor 

Fig. 193. Details of Screen 
Construction. 



in which /i represents the coefficient of contraction, the value of which 
is generally taken ^as 0.70. This expression may be simplified and written 

V 

It is well to observe 
that the width of screens 
is governed by the 
length of the power 
plant or forebay, and 
the remedy of increas- 
ing the depth introduces 
another evil: the diffi- 
culty of efficient clean- 
ing. 

For this purpose, 
screens are generally 
inclined to an angle of 

45 or 50 degrees with the horizontal. At the upper 
end, a bridge about 3 feet wide affords room for a 
workman to remove all material that is being held 
up. It is obvious that the maximum depth must not 
be beyond safe reach, and the only remaining solution 
of increasing the effective area is to place the screens 
before the piers which separate the bays, instead of in 
between. In this manner the whole length of forebay 
is available for clear space. 

If A = the elevation of water level in the forebay; and 

cc = the angle of inclination of the screens with the horizontal, 

the length of the section may be determined from the relation 

A = Z sin a 

which gives 

l = h cosec a . 

If the screens are vertical « = , cosec a = 1 , and Z = A. To anyone who 
takes the trouble to examine closely the arrangement of a system of screens, 
it can scarcely fail to be evident that either inclined or vertical, they are 
a source of trouble. The space between the bars may become clogged 
with ice, stone, wood, etc., thereby reducing the effective area, and increasing 
the velocity of flow. 
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This increase in velocity, besides being a loss of head, really attracts 
and accumulates more stones and drift, and requires continuous work to 
keep the rack clean. According to M. A. Boucher, the plant of Chevres, 
in France, has at one time during high water, necessitated the services of 70 
men solely occupied in removing material held up by the racks; and at 
the Bheinfelden plant in Germany, cases Were recorded in which to prevent 
the shutting down of the station, each bay 
required the attention of 5 men, continu- 
ously engaged in diverting considerable 
quantities of material carried to the fore- 
bay by the rapid waters of the high 
water season. 

Such disagreeable experiences, and 
the continuous possibility of their recur- 
rence, have led to an ingenious arrange- 
ment shown in fig. 194 which originated 
in Germany. 

The screens are laid horizontally. The water flows through them 
perpendicularly to the river bed and floating matter is directed to a chute 
provided for the purpose. Heavy material as stone, gravel, etc., carried 
along by the force of the current, accumulates in a sump hole leading 
down to a sluice gate especially provided in the torebay masonry.* The 
screens themselves require no attention at all and the scheme although 
increasing somewhat the first cost of a plant, offers the best possible so- 
lution of the screen problem, and removes all possibility of trouble and 
expense during the operation of the plant. 




Fig. 194. Arrangement of Horizontal 
Screens. 



118. The Wheel Pit 

The chamber in which the wheel is set, is called the wheel pit, and 
is generally of the open type for low or moderate heads (36 to 50 feet). 
In the case of high heads, closed flumes are generally used, the result 
being a snlaller percentage of loss due to friction. It will be noted that 
in plants with open or closed wheel pits, 20 feet of the head may be 
covered by the draft tube. The chamber leading to the wheel must be 
designed so as to increctse the velocity of the water as it approaches the 
turbine, in order that the loss due to a sudden change in velocity may not 
be too great. Losses from head- to tail races, resulting solely from wheel 
pit and draft tube friction, may vary from 4 to 12**/^, the loss being 
highest in low head plants. This may be explained by the fact that in 
high head plants, the wheel pit takes the form of a closed conduit, directly 
connected to the head race, and in which there is little change in the 
friction of that part of the pipe replacing the wheel pit. It is desirable 
that ee^h turbine be placed in a separate pit, so that one or more wheels 
may be shut down for repairs or other causes, without interfering with 
the operation of the plant. Therefore it is necesssary to separate the 
wheel chamber from the head race by means of suitable gates. Experience 
shows that a uniform loss of one foot may be allowed in the design of 
wheel pits for any head. 
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Proper foundation must be given to the turbine in order to prevent 
its settling out of alignment, and to reduce the vibrations of the machine. 
Undue friction will thereby be eliminated and a better efficiency obtained. 



119. Draft Tubes. 

Relatively little is known of the conditions governing the design of 
draft tubes, also called suction tubes. Theory indicates a possible length 
of 34 feet as the suction limit for draft tubes, but the balancing height 
of water in feet cannot be greater than: 



i--B 



where v is the velocity of the water in the tube; if the vertical length is 
greater than that as determined by the above expression, a greater loss of 
head occurs. Besides, there are other losses to be taken care of: entrance 
loss; friction loss; losses due to change of velocities within the tube, etc. 
Table L gives the interdependent relations between the diameter of 
draft tubes and the corresponding draft head, the latter being the vertical 

Table L. 



Diam. of Draft 


Draft Head 


Diam. of Draft 


Draft Head 


Tube, in Feet 


in Feet 


Tube, in Feet 


in Feet 


0.5 


32.5 


8 


14.5 


1 


30.0 


9 


13.0 


2 


27.5 


10 


12.0 


3 


25.0 


11 


11.0 


. 4 


22.5 


12 


10.5 


5 


20.0 


13 


10.0 


6 


18.0 


14 


9.5 


7 


16.0 







distance between the center of the shaft of the turbine, and the level of 
the tail race water. Draft tubes are preferably made conical in shape 
so as to reduce gradually the velocity of the water, the tipper end 
being of the same area as the discharge opening of the turbine casing. 
When the tubes are set vertically, they must not form a right angle at 
the bottom, as a strong bend causes an appreciable loss of head. The 
velocity of the water at the lower end must not be less than 2 or 3 feet 
per second to prevent air bubbles rising in the tube. 

Draft tubes are usually built of riveted steel plates, thoroughly water 
tight, and in order to seal them against the inrush of air, they are 
dipped below the level of the tail water, this being done with due consi- 
deration to the lowest tail water level. Short and small draft tubes may 
be dipped from 6 to 12 inches, large tubes up to 24 inches. In case 
these are imbedded directly in the concrete, their arrangement is mostly 
controlled by rock excavations and elevation of tail water at flood times. 
The efficiency of a wheel is somewhat influenced by its position with 
respect to the draft tube. It is generally admitted that for horizontal 
wheels, long draft tubes are necessary, although the best length, shape, 
inclination, etc., is a matter open to conjecture. In general they must 
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Fig. 195. Typical Francis Turbine InBtallations. 
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Fig. 196. Typical Franoia Turbine Installations. 
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be as free froqi turns as possible, and it must be borne in mind that the 
greatest efficiency of the wheel will be obtained by designing and placing 
the tube in an inclined position with its cross-section area gradually in- 
creasing from wheel to outlet. 



120. Headrace and Tailrace. 

Generally speaking, headraces should be comparatively narrow and 
,deep, especially where they are of considerable length and a large quan- 
tity of water is to pass through them. The velocity of the water in head- 
and tail-races should not exceed 2 to 3 feet per second. 

When the water is conveyed to the turbines by means of penstocks, 
the intake of these must be well submerged to prevent the air from en- 
tering them, as the water level of the reservoir is lowering. The velocity 
of the water in penstocks has no definite limiting value, some engineers 
advocate velocities of 3 

_j= t- _ & A - 



to 4 feet per second, 
although in the Schagh- 
tic<ike plant for instance, 
the velocity reaches 
nearly 12 feet per se- 
cond. 

The intake should be 
located in such a way 
as to prevent the sand 
in suspension being car- 
ried into the headrace, 
and in order to keep out 
debris, ice and logs, floa- 
ting booms or submerged 
arches are generally in- 
stalled, their direction 
being such as to deflect 
the floating matter and 
carry it down stream. 

A novel arrange- 
ment, omitting the use 
of head racks is illustra- 
ted in fig. 197, and is 
due to the French en- 
gineer, A. Crolard. 

Floating debris are retained by the boards 6, as the water passes 
through the small submerged opening c, and the suspended matter is 
passed through the sluice gates. Finally the sand settler d is so con- 
structed that it can be flushed out from time to time. 

Tailraces are usually wide and deep and there must be at least a 
dead water depth of 2 feet for small turbines, and of at least 4 feet for 
large turbines. With tailraces of such construction, as soon as the water 
is discharged from the turbines, it will push out or displace the dead 
water in the race, thus preventing a loss of head. 

MuUeTi Hydroelectrical Engineering, 14 ^^^ t 
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In the design of tail races it must be borne in mind, that what is 
needed is an easy discharge of the water, a condition that can be 
obtained by the proper use of deflecting walls or booms, so as to prevent 
the possibility of the water backing up around the draft tube. 

The different methods of installing Francis turbines are illustrated in 
figures 195 and 196. The general outlines will be found very useful by 
the designer of power plants. 



121. Alternating Current Generators. 

For the long distance transmission of electrical energy, alternating 
current generators are exclusively used, although in some recent develop- 
ments, the Thury direct 
current series system 
has been employed. 

Modern types of 
alternators consist in 
machines in which the 
armature is the mov- 
ing member but of 
late, .another machine 
has been developed in 
which the armature is 
stationary. The latter 
system has its advan- 
tage in that the sta- 
tionary parts can be 
insulated with facility 
for high voltages, and, 
as no collecting sy- 
stem is necessary, any 
amount of current can 
be cared for. Gene- 
rators of this type have 
been built for voltages 
up to 30,000 volts, 
simplifying the station 
wiring and eliminating 
step up transformers, 
a thing which is ob- 
viously advantageous, if the transmission line voltage is to be the same 
as that of the generator. 

However, if the distance of transmission is so great as to require 
too high a voltage to be supplied dfrectly from the generator, it is better 
to use a low voltage generator, say 6600 to 11,000 volts, in conjunction 
with step up transformers. It must not be overlooked, though, that the 
generator voltage should not be too low, as conditions may arise in which 
part of the line voltage is electro-statically impressed on the generator 




Fig. 198. Cooling Arrangement for Electric Generators. 
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winding, increasing the insulation stresses to a dangerous degree. If simpli- 
city of station wiring is desired, and if the transmission line voltage does 
not exceed 20,000 volts, it is 
preferable to wind the generator 
for this voltage. In other cases, 
it seems conservative to use step 
up transformers, although in one 
case at least (Manojlovac Plant, 
Dalmatia) the 42 cycle, 3-phase 
current is transmitted at 30,000 
volts, which is the generator 
voltage. 

The construction of genera- 
tors of very large outputs and 
correspondingly high speeds re- 
quires that special attention be 
paid to the cooling of the. 
machines through special ventilat- 
ing arrangements, and the rotat- 
ing parts must be dimensioned 
so that in case of the prime 
mover getting out of control, 
these parts would be capable of 
resisting the additional stresses 
due to increase in speed. 

These generators differ in 
their external appearance from 
those for lower outpiits and 
speeds, in their enclosed form of 
construction which is essential for 
the ventilating arrangements. For 
small outputs cooling air is drawn 
direct from the machine room and 
exhausted into the same room; in 
the case of larger machines, in 
order to avoid too great a noise 
due to the ventilation and to 
prevent accumulation of dust and 
fluff in the machines, air is drawn 
from outside through special pas- 
sages, intermediate filters being 
sometimes used, and is also ex- 
hausted outside the building. 

Fig. 198 shows a generator of the A. E. G. t^^pe, with cooling arrange- 
ment. After the cooling air has passed over the heated parts, it is led 
through wide openings in the lower part of the housing to the air exit 
passage situated below the machine. 

The plan «Cnd elevation of a generating station in which the air is 
drawn in and exhausted through special passages, are shown in fig. 109. 
Each machine has its own inlet passage and two outlet passages. This 




Fig. 199. 



Ventilating Ducts for Electric 
Generators. 
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arrangement possesses the advantage over that in which all machines 
draw their air from one common channel in that the separate machines 
have no influence no each others' ventilating arrangements. 

122. Switchboards- 
Switchboards are used to collect the generated current for the pur- 
pose of its control, measurement and distribution. 

There are two general types of switchboards: the direct control board, 
in which the apparatus is located either on or near the operating panels, 
and the switches are operated by hand; the remote control board, in which 
switches and bus-bars, are installed at some distance from the operating 
panels, and the control is effected either by mechanical devices, such as 
bell cranks, rods and gears, or electrically by solenoids or motors. In a 
few installations, the remote control system is operated by compressed 
air. Direct control boards are generally located on a gallery overlooking 
the generator room. 

k/jfjes A \ones f No general rules Can be 

III laid down for the location 

^'^^ g^'X^.^g CCyOO ^'»^>'-«^ CC}CO of switchboards except 

that they be so placed that 



wvw "•-'-/•^ '"*'•' wyw 




Siep-up \\o,iSmkh r\ Switch ^'^ wirfug from the ma- 

^Tran^fonn^ CcicO frSi^. T chincry to the switchboard 

Q Generafor (^Genenifor (J Gemfvfor . be UOt CXCCSSivC iu length, 

and when installing a 
switchboard , provision 
must be made for future 
extension. The connections 
on the back of the board 
are made with insulated 
wire for the control and 
auxiliary windings, where- 
as bus-bars are used for 
larger currents. These 
bars are generally made 
_ _ up of rolled copper from 

Generators 1" tO |" thickueSS, tO 2 

Fig. 200. Methods of connecting Stations to the Line, inches in width. They are 
(With Transformers.) designed on the basis 

of a . maximum current 
density of 1000 amperes per sq. in. of cross section. Contact surfaces 
between bus bars must be designed for an allowance of 100 to 200 amperes 
per sq. inch of area. 

There are three methods of support for control switches and in- 
struments: the panel type, in which the control switches and instruments 
are mounted on vertical panels as in the direct control board; the bench 
or desk board arrangements, in which the control switches are mounted 
on panels that are horizontal, or slightly inclined to the horizontal, the 
measuring instruments being mounted on vertical panels in front of the 
bench board. Miniature dummy bus-bars are mounted on the bench, and 
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the positions of the main switches, whether open or closed, are indicated 
by means of signal lamps placed near the control switch. The pedestal or 
column type of board consists in that the control switches and rheostat 
hand wheels are mounted on pedestals. The indicating instruments are 
mounted on panels, or, as in some cases, on separate pedestals, so that 
the operator may readily observe them. 

The methods of connecting stations to the line are shown in fig. 200 
and 201. 
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Fig. 201. [Methods of connecting Stations to the Line. (No Transformers.) 

123. Circuit Breakers and Relays. 

High tension circuit breakers are switches equipped with an auto- 
matic opening device which opens a circuit under predetermined electrical 
conditions of abnormal nature. 

Their object is the protection of generators and transformers and 
they are built for conditions of underload, overload, and no-voltage or rever- 
sed current. They may open in air or in oil, the latter being usually 
the case with high voltage circuits. When circuit breakers are connected 
to large capacity and high voltage circuits, they are usually of the remote 
control type, being actionned by some sort of power. In such casee,^ 
automatic operation is obtained by means of relays.* 

Overload relays are generally built in single phase units and for 
either instantaneous, definite time limit or inverse time limit operation. 

Overvoltage relays are used, as the name implies, to prevent damage 
to generators and transformers from excess voltage in the circuit. The 
reversed current relays are a protection against the reversal of flow of 
energy, as may be caused by the use of synchronous machines. 



124. Automatic Voltage Regulators. Tirrill System. 

The Tirril regulator varies the terminal voltage of the exciter of an 
alternating current generator by maintaining a constant resistance in the 

main exciter circuit, so that under variations of load, power 'facpr^iL^T^ 
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spead, the voltage of the alternator will remain constant. The advantage 
of the Tirril regulator consists in the fact that it maintains a constant 
pressure by automatically overcompounding the generator either at the 
station bus-bars or at any point of the distributing system. • 

Regulation is accomplished by altering the terminal pressure of the 
shunt exciter while a constant resistance is maintained in the exciter 
circuit of the alternator. A short circuiting contact, connected in parallel 
with the shunt regulator of the exciter, is alternately opened and closed 
by means of a- lever which oscillates several hundred times per minute. 
The average value of the shunt current flowing through the short cir- 
cuiting contact will increase in the direct proportion of the difference in 
the time taken in closing over the time taken in opening; and" the ter- 
minal voltage of the exciter will rise with the current. 

The exciter voltage can be varied between a given minimum value 
with the generator running on no-load, and a maximum value at full 
load. The field magnet regulator of the generator is either short-circuited 
or adjusted at a constant low value; it must not be entirely omitted, 
since it serves as a reserve when it is desired to parallel a generator 
running on no-load with a fully loaded machine in cases where both 
machines obtain their exciting current from the same source. 

When two or more generators are running in parallel, it is not as 
a rule permissible to regulate each generator by means of a separate 
apparatus on account of the fact that very small differences in the ad- 
justment of the separate regulators cause considerable differences in the 
exciter currents of the separate generators, and the unequal division of 
the wattless current components amongst the individual generators; equa- 
lising currents are also set up. 

When generators with different outputs are working in parallel with 
one another, only the large units are regulated in accordance with this 
system. As the small generators are not influenced by the Tirrill regu- 
lator when running, the excitation of these latter machines is to be regu- 
lated by hand from time to time, as desired current distribution will 
demand. 

125. Lightning Arresters. 

Transformers, switching stations and transmission lines must be pro- 
•tected from lightning or other high potential surges. This protection is 
accomplished by means of lightning arresters, of which various types 
have been developed. 

The horn lightning arrester is based on the principle that a short 
circuited arc once started at the narrow gap between the horns, rises 
along the members and gradually blows itself out. 

Fig. 202 illustrates a horn lightning arrester as adopted by the Ame- 
rican River Electric Co. It is installed on a 40,000 volt transmission line, 
and made of galvanized iron gas pipe, mounted on insulators on a pole 
construction, leaving a gap of 2.25 inches. 

The ground is effected through a 25 gallon water tank containing 
a film of oil on top to prevent excessive evaporation. 

The horn type of arrester is not much favored in systems which 
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require reasonable continuity of service; in case of a discharge over the 
horn, motors and converters usually drop out of step, and the generators 
break their synchronism, so that the whole system must be started up again. 
For this reason, horn gap arresters are preferably used in conjunction 
with some other type. 

Fig. 203 gives the setting of horn gaps for different voltages. 
The muUigap arrester consists of a large number of spark gaps in 
series with each other, between metal cylinders. It is described as follows 
by F. Creighton^: '*The mechanical parts of a multigap lightning arrester 
consist of a number of brass cylinders spaced about ^" (0.8 mm) apart, in 
^combination with various values of resistance. In multigap arresters of 
the highest efficiency, the resistances are used in shunt with, groups of 
gaps, fig. 204. In the first path of the lightning, there is placed a high 
resistance R, anc^ the minimum number of series gaps (group G) which 

will just extinguish the arc for the value 
of dynamic current that would flow 
through the resistance. There is a second 
path for the lightning passing through a 
medium value of resistance Jf, and the 
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Fig. 203. Curve Showing Setting 
of Horn Gaps. 



Fig. 202. Construction of a Horn Type 

Arrester, American River Electric 

Company. 

minimum number of gaps (?.> -j- G^ necessary to extinguish this greater 
value of current. There is a third path for the lightning through a low 
resistance r, and a still greater number of gaps to ground {G^ -\- G^ -f- ^i)- 
There is still a fourth path for the lightning to ground, in which there is 
no series resistance, but a great many series ga]|^ (^4 + ^3 + 6^3 H-^i)- 
The object of this combination is to have resistance in series where it is 
permissible on light strokes of lightning, but have it possible to cut out 
automatically more or less of the resistance in accordance with the demand 
of the severity of the lightning stroke." 

The theory of spark potential of the multigap arrester was given by 
Dr. Steinmetz in lOOG. When in a lightning arrester, all of its gaps do not 
begin to spark continuously, the action is successive. The gap nearest 
the line sparks and by its oscillation at nearly one billion cycles per 
second, transmits the spark to the second gap. The oscillation of the 
second gap transmits the impulse to the third, and so on, throughout the 
total number of series gaps. 

^ Protective Conditions of Electrical Apparatus in America. E. E. F. Creighton. 
Congresso Internazionale delle Applicazioni Elettriche. Turin 1911. 
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The arrester is very sensitive to hjgh frequency surges, but is some- 
what proportionately less sensitive to lower frequency surges, therefore 
the arrester has no fixed spark potential. A concrete example will illu- 
strate this variation. If 32 gaps each one ^' (0.8 mm) long, are placed 
in series, the sum of the gaps is equal to one inch space (2.54 cm). If 
high frequency is applied to this series of gaps with a variable needle 
gap in parallel, it is found that the equivalent-needle-gap may not be 
greater than Y (635 mm). If however a uni-directed impulse of potential 
is discharged through the arrester, it is found that the equivalent-needier 
gap approaches 2". 
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Fig. 204. Multigap Arreeter. 



Fig. 205. Hour Glass Type of Choke 
Coll. 



Choke coils, fig. 205, consist of a number of turns of wire in series 
with the transmission line and are preferably used in connection with 
lightning arresters as they o£fer the advantage, if installed in the leads 
to a generator or transformer, to reduce the potential between the end 
turns, and, on large electrical systems, they limit the current in cfitses of 
accidental short-circuits. 
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Fig. 206. Connection Diagram for Fig. 207. Diagram of Connections of 

Electrolytic Lightning Arrester. 11 000 Volts. 15 000- Volt Electrolytic Lightning Arrester. 



The electrolytic lightning arrester consists of nested aluminum trays 
filled with electrolyte and submerged in oil. 

The horn gaps which are between the arresters and the line break 
down on over-voltage, and if this voltage amounts to approximately more 
than 830 volts per tray a free passage through the film from tray to tray 
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aijd thence to the ground is provided. When the voltage drops to normal, 
which is below the critical voltage of the tray, the apparent resistance of 
the film reasserts itself and the flow of the current is cut down so that 
the horn gaps disrupt the arc and all further flow of current ceases. 

The nested trays are placed in oil filled, welded steel tanks, which 
for 22000 volts and above are built with cast covers and outdoor ter- 
minals so that the entire arrester can be placed outdoors. The complete 
arrester consists of four tanks mounted on an insulated platform for un- 
.grounded neutral service, and three tanks grounded for grounded neutral 
service. For 13200 volts and under, the arrester is arranged for indoor 
service only as the horn gap setting is so small that much more effective 
service is obtained when the arrester is housed. For the lower voltages 
the general arrangement of trays is the same, but a smaller number of 
tanks is used. 

Since when the electrolytic type of arrester is allowed to stand 
without current passing through it, the film on the plates dissolves, and it 
is necessary to peiss current through the arrester periodically, in order to 
keep the film in the best possible condition. 

"Figs. 206 and 207 are diagrams showing the connections for electrolytic 
lightning arresters as installed for the Pittsburgh Railway System, and 
fig. 208 shows the construction details for such arresters. 
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Fig. 208. Diagrammatic Drawing showing Steel and Constructional Details of Frame 
for Electrolytic Lightning Arrester. 

In regard to location of lightning arresters it has been the pra^ice 
to place choke coils and multigap arresters inside the station, while horn 
gap and electrolytic arresters are generally located outdoors. 



126. Transformers. 

At higher voltages, step-up and step-down transformers are always 
used, forming part of the high tension circuit. 

The electrical transformer is the simplest alternating current appa- 
ratus and its object is to transform a. c. energy at one voltage to 
a. c. energy at another voltage, either higher or lower. Fundamentally,. ^ 
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the apparatus consists of a magnetic circuit of iron interlinked with two 
electrical circuits, usually of a large number of turns. In these, the 
currents are inversely proportional to the voltages of the windings. 

A three-phase transformer is made up of three single-phase trans- 
formers combined into a single piece of apparatus, and the magnetic 
circuit is common to the three phases. 

In long distance transmission lines, three-phase current is preferably 
used and the transformation system may be made by connecting the 
primary either in F or J and the secondary either in Tor. J. The re- 
lations between voltage per transformer winding and voltage between 
lines and between current per line and current per winding, are as indi- 
cated in Table LI for Y and . f connections. 

Table LI. 



Connection 



E between 
lines 



E per 
winding 



I per 
line 



/ per 
winding 



E 
E 



0.58 E 
E 



1 

0..")8 I 



It must not be forgotten that when more than one transformer is 
used, each must have a capacity equal to the power required to be trans- 
formed by it, divided by the power factor of the circuit which it supplies. 



7?z7. 





Fig. 209 a. 



Fig. 209 1>. 



In fig. 209 a, 209 b, 210 are shown the usual connections utilized for 
group of single phase transformers for three-phase transformation. In (a), 
the primary windings and secondary are both connected in A. In (6) both 
primary and secondarj' are connected in Y. In fig. 209b (a) the primaries 

of the transformer are J connected 
while the secondaries are Y connected. 
In (6), the primaries are Y connected 
while the secondaries are connected 
in J arrangement. When the trans- 
formers are to be connected as per 




Pi^.X ^ SV. 



Fig. 210. 



fig. 209 a and 209 b the terminals must be correctly joined according to 
their polarities, or the voltage phases will be unbalanced in the secon- 
dary circuits. When two transformers only are used, the primaries may 
be T-connected and the secondaries T-connected, fig. 210; or two trans- 
formers on a three-phase circuit may be connected in Y or open delta 
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connection. Lastly, the primaries may be V connected and the secon- 
daries Y connected; this is also called the unsymmetrical Y connection, 
because this arrangement does not give a balanced three-phase system 
on the secondary. 

An important problem which arises in connecting the three phases 
of the alternator is the question of harmonics, if the machine is wound 
in the J arrangement or if the phases are connected in Y. 

The capacities of each transformer for J and Y connections, must be 
equal to one third of the total load in kilovolt amperes. This for any- 

power factor is Eyl = E I i=^ — -E I. The three required transformers 

V3 

1 - / 

have then a total capacity of 3 ---E I = \ 3EI. ^ 

Vs 

If the windings are A connected, they will produce full line voltage 

and carry a current — - , but when Y connected, they will produce a vol- 
\ 3 

tage of --: and carry full line current. In T connection, the coils carry 

the same ^currents as the line wires, but the voltage of one transformer 
is only 0.867 time the line voltage. 

The four combinations of T and d connections are given in Table LIE 
and may be used on any bank of transformers. 

Table LII. 



Low Potential High Potential 
Connections , Volts between Volts between 
i Lines Lines ^ 



A 


A 


E 


uE 


Y 


Y \ 


E 


uE 


A 


Y 


E 


1.73 It ^ 


Y 


A ^ 


E 


0.58 u E 



> I 

^ u is the ratio of transformation of primary to secondary. 

The relative advantages of Y and d connections are summed up as 
follows: 

With a J — A system, it has been the custom to delta- connect the 
transformer primaries to permit one set of coils on a three-phase trans- 
former, or one of a bank of three single phase transformers, to be cut 
out of the circuit in case of trouble. It is then possible to connect the 
remaining two in open delta, thereby realizing the approximately 58*^/o 
of the output of the bank with the same heating. However, if one line 
becomes grounded, the voltage strain becomes 1.73 .E, which may be trans- 
ferred* to the secondary circuit on which the generator is connected. 

With Y — Y connection, the neutral is unstable and an excessive 
voltage strain on one phase is possible, unless the neutral is grounded. 
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• With J — Y (step-up) connection, the neutral on the high tension 
side may be grounded. The voltage strain on any transformer is limited 
to 58 ^/q of the line voltage. The neutral can be used as a third con- 
ductor for operating 2 transformers of a bank if one is damaged. With 
the J — Y connection, however, there is a pDssibility of resonance, distur- 
bances on telegraph and telephone lines. An accidental ground is a true 
short-circuit for the grounded phase. 

In Y — A connection (step-up) the neutral is unstable with unbalan- 
ced load, but stable with balanced load. 

As for a grounded neutral, the advantage lies in the fact that the 
system maintains a static balance. ^ 

The choice between ungrounded and grounded neutral^ resides in 
the fact that the first one is more reliable and for J connections, preferable; 
the grounded neutral is advisable when cheapness is the object sought. 
In the latter case, T-connections are recommended. 

As the wave shapa of the generated e. m. /. of most alternators con- 
tains higher harmonics,, and a third harmonic is present in the magne- 
tizing current of transformers that operate at high magnetic densities, the 
result is that in F-connected apparatus, if harmonics are present, they 
produce a wabbling neutral. 

If the neutrals of 2 different machines are grounded or joined, high 
frequency current flows in the neutral. 

In J connections, the distorted third harmonic and neutral are made 
stable at low cost. 

The commercial efficiency of transformers varies from 95 to 98^/^ 
at full load. 
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Fig. 211. 



Fig. 211 is a diagram giving the losses, efficiency and regulation of 
a 100 Kw 12000 volts 50 cycles Westinghouse air-blast transformer. These 
characteristics are representative curves of all transformers. — 

The relative advantages of three-phase and single phase transformers 
may be summarized in stating that moderate sized transformers, compared 
with single phase transformers of the same capacity, have the advantage 
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of lower cost, higher efficiency, reduced floor space, less weight, simpler 
wiring, smaller freight and erection charges, although they present the dis- 
advantage of greater cost if spare units are used. When the capacity of the 
three-phase transformer or of the bank of single-phase transformers reaches 
10,000 K. V. A., the use of single phase units is preferable, as they are easier 
to handle than the equivalent three-phase unit, although the Great Western 
Power Company has in successful operation 10 three-phase 10,000 kw 
transformers for the step-up end of its 154 mile 100,000 volt trans- 
mission line. 



127. Transformer Cooling. 

The temperature of a transformer during operation is a matter of 
great importance. Small transformers have comparatively large surface as 
compared with the heat produced, so that they cool easily by self radia- 
tion. The average transformer of 50 to 75 kw capacity is cooled by being 
immersed in oil; they are of the self-cooling, oil-filled type; the heat 
generated in the coils and iron is given up to the oil and the oil in turn 
dissipates the heat to the air. In larger transformers, the losses and conse- 
quently the temperature increase more rapidly and special means of 
<;ooling must be provided. 

The oil- cooled transformer offers several advantages. The large volume 
of oil absorbs considerable heat and therefore the temperature rises slowly. 
Another advantage consists in the high insulating qualities of the oil 
itself, besides possessing the power of self- repairing any break in the in- 
sulation, and preventing oxidization by the air. The oil in the transformer 
is cooled either by its natural gravity circulation, or by means of sub- 
merged coils through which water is circulated. The latter is a most 
effective method of cooling and is very convenient for water power plants, 
the supply and pressure being at hand. As the water absorbs a high 
percentage of the total energy loss, it is unnecessary to provide a case 
with a large cooling surface. This method should, therefore, be adopted 
for large transformers, when a good supply of cold water is available. 
If this is not available, the same water can be used continuously with 
the use of an outside cooling arrangement and a circulating pump. If, 
owing to a temporary break-down of the pump, the water supply is 
stopped, no great danger may be apprehended, as the enormous thermal 
capacity of the oil and the water in the coil prevents any large rise in 
the temperature for a considerable time. On no account should a joint 
be made in the coils inside the case, as this leads to a liability to leakage, 
the slightest trace of moisture in the oil reducing its dielectric strength 
very considerably. WMth regard to unassisted oil cooling, this is much 
more effective than any type of air cooling, as the thermal conductivity 
of iron to oil is so much greater than to air. The cooling by air blast, 
although effective, necessitates the use of blowers and' air filters, and 
further, if for any reason the blast is stopped, the temperature of the 
transformer will quickly rise to a dangerous degree. Natural cooling by 
-air is simple and economical, but this method can only be applied to 
transformers of small size, as the energy loss, for the same induction and 
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frequency, is proportional to the cube of the linear dimensions, whereas 
the cooling surface is only proportional to the second power, and, there- 
fore, the heat to be dissipated per square inch of surface rises rapidly 

with increase in size, producing thereby 
a higher temperature rise of the trans- 
former. 

Fig. 212 shows the arrangement of 
the cooling coils of the transformers used 
at the Grannige plant in Sweden. Instead 
of having one or a few circulating pipes 
of large diameter, or a water jacket, the 
pipes consist of a number of copper tubes 
of small diameter placed in parallel, like 
a water tubp boiler. In this construction 
the tubes are expanded or sweated into 
headers which form one side of the dis- 
stribution boxes for the inlet and dis- 
scharge of the circulating water. The 
entire system of cooling tubes is placed 
at the top of the transformer box over 
the transformer itself, and is attached to 
the transformer box lid, so that when 
the lid is removed the coils are remov- 
ed with it. By employing this construction 
an enormous cooling area can be put into 
a very small space, practically the only 
limit to the room required for the cooling 
coils being the amount of space which 
must of necessity be left between the tubes in order to obtain good circu- 
lation of the oil. Moreover the cooling coils are at the top of the box 
where the oil is hottest, and hence in the best and most effective position. 
A very complete arrangement is provided for tapping out the oil, boiling 
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Fig. 212. Box for Grannige 720-kw 
Transformers. 
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Fig. 213. Water and Oil Piping Diagram for Transformer Cooling. 



and refilling. It consists of a system of pipes to and from the transformers, 
connected with oil -boiling tanks. The use of oil-cooled transformers has 
of recent years become general in Sweden, on account of the larger units 
now employed and the high voltages used in the transmission of energy. 
Fig. 213 shows a water and oil piping diagram, and fig. 214, shows the 
method of cooling circulating water as used at the Molinar Plant, in Spain. 
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The amount of water necessary for cooling the oil depends on the tem- 
perature of the incoming and outgoing water. Theoretically each kilowatt 
loss will give up 56.9 B. T. U. per minute, or. in other words. 56.9 pounds 
of water are raised l^F. 

It is estimated that one j " "^'ig r-^ o f j -^ r; ^ 

gallon of water per mi- 
nute is required per 
kilowatt loss. In practice 
however, the amount of 
water required varies with j 
the design, and the data 
as to the amount of water 
required can be obtained 
from the manufacturer. 

The water-cooled type 
transformer has been ne- 
cessarily the most popular 
design. It has greater 
ability to carry overloads than has the air blast type, and can be wound 
for any voltage. Such tran-sformers have been manufactured in sizes up to 
6000 kw, single-phase and 10,000 kw three-phase. 

The forced oil cooled transformer provides for the oil being cooled 
outside in a cooling system such as illustrated in fig. 215. 




Fig. 214. Method of Cooling Circulating Water for 
6750 K.V. A.^ 6600/66,000-volt 3-Phase Siemens-Schuckert 
Transformer, Molinar Plant, Spain. 
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Fig. 215. Forced Oil Circulation for cooling Oil-Insulated Transformers. 



It is observed that besides water pumps, a set of oil pumps is ne- 
cessary although where sufficient head is obtainable the water pumps may 
be eliminated. The saving in cost of the complete equipment in using 
forced oil instead of forced water circulation may reach 25^ ^ for 10,000 kw 
units, but in small plants, the cost of the extra-cooling sj^stem will out- 
strip the reduced cost in transformers. 

However, the use of forced oil cooling allows single transformer 
units to be manufactured for a rating as high as that of any single 
generator. 
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In the air blast type, the cooling is effected by means of a forced 
current of air circulating through the \i^indings and core. 

Where there are a number of transformers, they are preferably set 
over a common duct and supplied with air from a blower at either end 





'J "^J "^J V "^f V 




Fig. 216. Arrangement of Air Blast Transformers. 

(see fig. 216.) The flow of air is regulated by means 
of two dampers, one of which is located at the top 
of the transformer and the other on the side of the 
frame. The first one regulates the air between the 
windings, the other controls it through the core. 
Fig. 217 shows a cross section of an air blast trans- 
former and table LIII gives the volume and pressure 
of air required for transformers of various capacities. 




Fig. 217. Air-cooled 
Transformer. 



Table LIII. Air required for transformer cqoling. 
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The theoretical quantity of air required for transformer cooling is 
determined by 

V m 

where (? = cubic feet of air per minute, 
tr = watts lost, 
T = temperature rise. 
The temperature rise is usually on6 half the temperature rise of the 
copper windings. 

The capacity of the blower-motor is determined by 

1200 
where P = capacity in horse-power 

Q = cubic feet of air per minute 

p = pressure in oz. (usually ^ for small, 1^ for large transformers). 

The best oil for transformer insulating purposes is mineral oil, light 
or medium, having the following properties: it must not contain moisture; 
its dielectric strength to be good; its viscosity not to be^high; it must not 
contain vegetable oil or resinoid material; it must be completely free from 
impurities. The most important factor in the quality of transformer oil 
is its purity; an impure oil may contain conducting material such as dirt, 
carbon deposit, metallic salts. In case of the use of the medium oil, which 
is rather dark colored, deposits are thrown down, tending to clog up the 
circulating ducts. This deposit is precipitated solely by the effect of heat. 
For large transformers especially of the water-cooled tjrpe, the heat is 
intense and much trouble would be encountered by the use of this oil; 
it is also preferable to use the light oil, usually known as mineral seal 
oil, which does not throw down deposit with an increase of temperature 
The detection of deposits in oil may be accomplished by drawing off some 
of the oil from the bottom of the transformer, where it generally accumu- 
lates on account of its greater density. » 

Concerning the effect of temperature upon the dielectric strength of 
oil, Mr. H. W. Tobey cites the case of a certain test in which a sample 
withstood an e. m. f. of 52,000 volts between two 0.5 inch brass disks 0.2 
inch apart, when the temperature was 60^ Centigrade, 45,500 volts at 
20^ Centigrade and 44,000 volts at zero degree centigrade. Upon congealing 
however, as the temperature drops below the freezing point of the oil, the 
dielectric strength increases with great rapidity, in some cases reaching a 
value from 60 ^/^ to 80 ^/^ higher than that just before the freezing point was 
passed. Transformer oil must not contain moisture, acid or sulphur com- 
pounds. The presence of moisture, which is absorbed- very readily by 
the oil in rather small quantities, may be detected by testing a sample 
of oil drawn off from the bottom of the transformer. It is well known 
that the specific gravity of water is greater than that of oil, so that the 
moisture generally settles to the bottom. Such a sample when poured 
over some anhydrous copper sulphate, makes the latter turn to a bluish 
color. The moisture may be removed from the oil by boiling, the tem- 
perature being maintained at about 105^ C, which is above the boiling 
point of water. This method however requires much time; in some cases 
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Fig. 219. Influence of 
Moisture on Dielectric 
Strength of Light Oil. 



several days, depending on the degree of moisture. It may also be dried by 
baking in an oven, or applying the dehydrating method with metallic sodium. 

Still another method of de- 
tecting moisture is to plunge 
into the oil a red hot piece 
of iron: if a sharp hissing noise 
takes place, water is present. 
The curves shown in fig. 218 
and 219 have been determined 
by Mr. Tobey and they show 
the reduction in dielectric 
strength for gradually increa- 
sing percentages of moisture. 
Although it is true that water 
will settle on the bottom, 
nevertheless a certain per- 
centage is always in suspen- 
sion; this amount however 
should be very small, otherwise the oil must be removed. The curves show 
that even 0.03 ^/^ moisture reduces the dielectric strength to three quarters. 
As to the best practice with either kind of oil, the medium grade is mostly 
used in self-cooled transformers, whereas the lighter oil gives better results 
in water-cooled transformers. Finally, transformer oil must be filtered 
frequently, and must be tested also for alkalis or acids by means of litmus 
pape;*. 

128. Substations. 

In designing a substation, due consideration should be given to the 
building and to the immediate surroundings as well, the site being chosen 
with a view to ensure a direct and easy approach for the transmission 
lines. 

In determining the dimensions of the building, the sizes must be 
such as to permit an increase in capacity of the plant, that is to say, 
room should be provided for installing additional machines together with 
the necessary additional switchboard apparatus. 

In transformer substations, transformers are usually located in fire- 
proof compartments provided with iron rolling shutters. Fur the purpose 
of inspection and repairs, a track is run in front of the .compartments, 
so that the transformers may be readily removed on a small truck, and 
shipped to the repair shop. In small substations, the transformers are 
not housed in compartments and are generally handled by overhead cranes. 

Fig. 220 shows a plan and elevation of a small substation, with single 
phase, oil-insulated self-cooling transformers and hand-operated oil switch. 
This is the general type for 11,000 or 13,200 volt transmission line tension. 

Where air-blast transformers are used, an air duct with doors, forming 
a vestibule, so as to permit one to enter without shutting off the blowers, 
should run under the space where the transformers are to be located. 

If oil-cooled transformers are installed, it is good practice to provide 
a pit of sufficient capacity to hold the oil from several transformers, and 
also drainage piping from the oil drain cocks on the transformers to the pit 
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The rotary converters, motor generators, boosters transformers, and fre- 
quency changers are better located on the main floor, and whenever pos- 
sible, the rotaries and motor-generators should be placed in a line. 

The switchboard 



may be installed, ei- 
ther on the main 
floor, or a on gallery 
overlooking the main 
room. 

Roof entrances for 
the lines are the sim- 
plest to install, but 
such types are exposed 
to all weather condi- 
tions. The protected 
entrance, usually shel- 
tered by a projection 
of the roof gives better 
protection, and affords 
easy access for in- 
spection and cleaning. 
The space needed for 
the low tension portion 
of the apparatus is 
usually small, as hap- 
pens with the* housing 
of high tension switch 
and bus equipment, 
if one single trans- 
mission supplies the 
power. Fig. 221 shows 
the elevation and plan 
of a 3000 Kw 100,000 
volt substation as built 
by the Southern Power 
Company. 

The substations of 
the Central Colorado 
Power Company con- 
tain a number of in- 
teresting features for 
t)ie high tension en- 
gineer, as they repres- 
ent advanced practice 
in the handling of 
100,000 volt lines. The Denver substation^ illustrated in fig. 222 and 
fig. 223 is for the purpose of stepping down from 100,000 to 13,000 volts, 
at which energy is transmitted to the Denver Gas & Electric Company's 
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Fig. 220. Plan and Sectional Elevation of Small Substation 

with Single-phase Oil-insulated Self-cooling Transformers 

and Hand-operated Oil Switches, 11,000 or 13,200-volt, 

Overhead High Tension Lines. 
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station where it is again transformed for ordinary central station dis- 
tribution. 

The two distinctive features of this substation are, first, the use of 
outdoor busbars for the 100,000 volt lines, and second, the housing of 
the transformers, high tension oil switches and lightning arresters in 
separate buildings. A third feature which may also be mentioned as being 
somewhat unusual, is the use of a transformer repair house adjoining the 
transformer house, with special provisions for wheeling transformers out 

of their regular place in the 
transformer house, and hoist- 
ing their coils for inspection 
and repair. 

There are no 100,000 
volt busbars or switching 
apparatus in the substation 
building proper. Each * of 
the two incoming 100,000 
volt lines has a separate 
switch house to itself, in 
which is an oil switch. A 
diagram of the 100,000 volt 
connections of the Denver 
sub-station is given in 
fig. 224. Each incoming high 
tension line first passes 
through disconnecting swit- 
ches, which are arranged 
out doors, being supported 
by and shunted around 
suspension porcelain insu- 
lators of the same type as 
used on the high tension 
line. Each insulator consists 
of four disks 10.25 inches 
in diameter, arranged in 
series. From the discon- 
necting switches each line 
passes down to the oil 
switch in the switch house. 
From the oil switch the 
lines go up to a second set of disconnecting switches and then to 
the busbars. These bars are divided in the middle by disconnecting 
switches. From the busbars, leads pass through disconnecting switches 
to the transformers. At present there is only one set of transformers in 
use. The connections of the future transformer set are indicated by dotted 
lines. The busbars are suspended below the leads, which pass directly 
from the switches to the transformers, and thus serve to connect together 
the incoming lines when the disconnecting switch at the middle of 
the busbars is closed. It is intended in future to put oil swishes 
between the busbars and the transformers at the point indicated in 




Fig. 221. Elevation and Plan of a 3000-Kw, 
100,000-Volt Substation. 
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the diagram. Until the second bank of transformers is added this is not 
necessary. 

A plan of this substation is given in Fig. 223. The three 100,000 volt 
wires come through the roof in the roof bushing directly over the trans- 
formers, and pass straight down to the transformer terminals (fig. 222). 
^ Besides this, the only 100,000 volt wiring necessary in the substation is 
the connection from one end of the transformer bank to the other. 

These bushings are from 9 to 1 1 ft. long according to local require- 
ments, and about 5 ft. extend above the roof. The conductor is held in 
the middle of a long fiber tube. The space around the conductor and 
the tube is filled with a thick insulating compound. The diameter of the 
tube is about 8 inches. 
The top of the tube 
is protected with por- 
celain disl^ insulators, 
five in number, and by 
a piece of sewer tile, 
which extends from the 
lowest insulator to the 
roof. The entrance 
bushings were at first 
put into a hole cut 
through the concrete 
roof. A number of 
failures convinced the 
company that the con- 
tact of the bushings 
with the concrete roof 
and its reinforcements 
put an undue strain 
on the bushing, and 
the roof was therefore 
cut away for an area 
of about two feet 
square and the space 
thus made was roofed in with lumber which had been treated with 
paraffine. No further trouble was experienced. The transformer leads 
inside the substation consist of brass tubing of the same size as 1 inch 
extra heavy iron pipe. 

To avoid the difficulty, complication and expense of insulating series 
transformers for the overload relay circuits in connection with the 100,000 
volt oil switches in the substations, the coils which a^^tuate the relays are 
placed directly in the 100,000 volt line as they lead into the switches. 
The armatures of these relays are connected mechanically with the low 
tension make-and-break cont€u^ in the Denver substation, and in the 
Dillon substation and others; where switch operation is by hand they 
operate a mechanical trip instead of closing a direct current control circuit. 
This mechanical connection with the relay contacts or with the mecanical 
trip is made through a long wooden rod boiled in paraffine. It is found 
that a length of from 10 to 12 ft. is sufficient for insulating purposes. 
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It will be seen that the transformer room is separated from eveiything 
else in the substation. It is isolated by a 13 in. wall from the switching 
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Fig. 223. Denver Substation Plans. 

apparatus and 13,000 volt busbars which occupy the other part of the 
station. Each transformer may be rolled onto a small truck, so that it 

can be wheeled out into the transformer 
repair shop. The 13,000 volt busbars are in 
the basement of the operating department 
of the substation, above this basement is a 
room for the 13,000 volt oil switches, and 
the control switchboard. The third floor is 
a gallery, which is occupied by lightning 
arresters and miscellaneous apparatus. 

Aluminium cell arresters are used both 
on the 13,000 volt and the 100,000 volt 
lines entering the substation. On the 13,000 
volt line, horn gaps are placed just outside 
the substation as shown in fig. 222. 

A small storage battery, consisting of 
5 cells, made by the Electric Storage 
Battery Company, is installed for operating 
Fig. 224. Connections of 100,000 volt the switch motors at the substation. To 
Busbars, Denver Substation. C~^ r^r^r^\r> 
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Wiring Diagram. 
Fig. 225. Plan of Outdoor Substation for 110,000/45,000 Volt Circuits. 
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charge the battery, a 10 HP induction motor, connected to a 6.5 kw. 
generator is used. 

In the basement, below the operating room, the busbar compartments 
are made of asbestos composition, supported by thin steel sections. 

The substation building is of plain brick, with concrete reinforced 
slab roof. The eye beams supporting these slabs are fireproofed by concrete. 
The substation ,and switch houses are as fireproof as possible, having ab- 
solutely no wood in their construction except the doors, the building being 
of brick with concrete roof, metal window frames, sash, etc. 




Fig. 226. Sections of Outdoor Substation for 110,000/45,000 Volt Circuits. 
Sections taken in direction of arrows shown in Fig. 225. 



It is interesting to note that the total cost of all buildings, etc. con- 
nected with the substation — that is, all cost except electrical apparatus — 
did not exceed $ 10,000. As the substation has a rating of 15,000 kw., this 
of course, figures out about $ 0.66 per kw. which compares very favorably 
with the costs of other substations. 

The high tension conductors in a substation should preferably be of 
tubing with sleeves inside and outside at joints, and supported by either 
post or suspension insulators, and the distance between phases should be 
at least 6 ft. with 83 to 36 inches to ground for a voltage of 100,000 volts. 

Open wiring is preferable for high tension connections and must be 
kept as far above the main flooring as possible. Steel columns and frame- 
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Fig. 227. Plan of Semi-Outdoor Substation, for 110,000/45,000 Volt Circuits. 
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work in general should be grounded, as the static charges on them may 
become dangerous. Of late, outdoor and semi-outdoor high tension sub- 
stations have come into use, the first one being so planned that all of 
the high tension wiring and apparatus is out of doors, and is merely con- 
trolled from a board centrally located in a part of the building. 

In the semi-outdoor station, the high tension oil switches and disconnect- 
ing switches are protected by means of a light shelter house, the remain- 
der of the high tension wiring and apparatus being out of doors. 



Grounf^mre 




Section D-D. 
Fig. 228. Sections of Semi-Outdoor Substation, for 110,000/45,000 Volt Circuits. 
Sections taken in Direction of Arrows shown in Fig. 227. 



Table LIV has been developed by C. M. Rhoades^ to show the cost 
of the three types of stations, including the indoor type. 

The figures throughout are based on heavy capacity switches on the 
transmission lines with medium capacity switches for transformers and 
outgoing lines. The two banks of transformers are of 4500 kw. each, with 
space for two future banks of the same capacity. In the case of the oil- 
switches, the figures are estimated to include a grade of oil suitable for 



^ General Electric Review, Vol. XV, No. 10. 
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a climate such as that of the Southern States. If the temperatures are 
below 32® Fahr., the comparison should be based upon the employment 
of a higher grade of oil, which would increase the price of the switches 
approximately 10 per cent. The cost of the building for the indoor arrange- 
ment is based upon a building of sheet metal or metal and cement plaster. 
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to avoid prohibitive expense. If built of brick or concrete the comparison 
of costs would be quite different. 

As shown in the table the cost is in favor of the outdoor and semi- 
outdoor stations by a very small percentage of the total cost. When 
operating conditions are considered, the semi-outdoor arrangement has 
distinct advantages over the oirtdoor in convenience of operation of dis- 
connecting switches in bad weather, when generally there will be most 
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Fig. 230. Section of Indoor Substation for 110,000/45,000 Volt arcuits. 
Sections taken in Direction of Arrows shown in Fig. 229. 



frequent occasion to operate them. The advantage of being abje to open 
and work on the oil switches in place is obvious. 

Figs. 225 and 226 show the plan and elevation of an outdoor substation 
for 111,000/45,000 volt circuits, while figs. 227 and 228 show the plan and 
elevation of a semi-outdoor substation of the same capacity. 

Figs. 229 and 230 show the plan and elevation of an indoor substation 
of the same capacity. 
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Kind and type of i^paratus 


Outdoor Semi-Outdoorl Indoor 

1 


Building, foundation, walks, cranes, fences, etc. 
towers 


$ 20 000.00 

$95 414.00 

$8 773.00 
$ 8 000.00- 


$29 000.00 

$89 714.00 

$8 910.00 
$ 8 300.00 


$ 33 000.00 

$89 850.00 

$ 9 974.00 
$5 200.00 


Electrical equipment, including transformers 
(110000/70000 volts and 110000/45000 volts), 
lightning aresters (110000, 70000 and 45000 
volts), oil-switches (llOOiX) volts, 70000 kv.-a. 
rupturing capacity, 70000 volts, 30000 kv.-a. 
rupturing capacity, and 45000 volts, 30000 
kv.-a. rupturing capacity)* 

Choke-coils, disconnecting switches, bolt-swit- 
ches, strain and port insulators, wire, tubing 
and miscellaneous hardware , . ,' 

Labor installation 




$ 132 187.00 


$135 924.00 $138 024.00 



Table LV. Space required. 



Type 


Ground dimensions 


Ground area 


Outdoor 

Semi-outdoor 

Indoor 


194 ft. by 250 ft. 
230 ft. by 230 ft. 
160 ft. by 160 ft. 


1.1 acre 

1.2 acre 
0.58 acre 



foundation JSon ^1^^^ 



129. Foundations for Power House Machinery. 

Foundations for hydraulic and electric machinery must be designed 
with care in order to maintain the machinery in alignment, resist the vibra- 
tions occasioned by the machines, and support the full weight of the 
machinery itself. 

The foundations must also be of such proportions so as not to 
sink. The best method is to employ masonry or concrete founda- 
tions, although in some 
cases, steel structures may ^out^aHonSpnt 
be necessary. Transformers 
are generally placed on in- 
sulators, separated from the 
ground by wooden boards. 
In the case of turbines and 
water wheels, it is import- 
ant that the foundations be 
of such weight as to absorb 
the vibrations of the sup- 
ported machine. For all 
soils there is a definite 
page 112. 

In designing foundations, it is of prime importance to determine the 
actual weight of the machinery to be supported, together with the weight 
of the foundation itself; then to provide a sufficient number of square 

* The rupturing capacity of the 70000 volt and 45000 volt oil-switches included 
in the figures for semi-outdoor and indoor substations is actually 40 000 kv.-a. 




Fig. 231. Designs for Concrete Foundations, 
safe bearing load, given in table XXXV, 
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feet of area of base to bring the values shown in Table XXXV within a rea- 
sonable factor of safety. Lateral displacement may only occur in cas^s of 
belt connections, which are little used in hydroelectric plants. 

John Young states that foundations should weigh 2^ to 4 times c^^ 
much as the machines they carry. The design should be as simple as 
possible, as exemplified in fig. 231 ^, otherwise they necessitate intricate, 
useless and expensive forms. The area of the foundation at the top is 
determined by the base of the machine and the foundation bolts. 



130. Wall Outleta 

Various methods have been used in the passage of high tension lines 
through walls. Glass and porcelain tubes have been employed, but these 
are so fragile that they have not been ge- 
nerally adopted. The best solution would 
consist in leaving clear space around the 
high tension lines but this is not practicable 
on account of climatic conditions.. 

Fig. 282, represents the Pertinax type of wall bushing, the outside dia- 
meter being 80 mm and the inside diameter 50 mm. The exterior layer 
c is 50 mm in length. The inner layer has a length 
of 50 mm -\-a~{'b. Tests made with this class of 
insulator gave the results shown in table LVI. 

Table LVI. 



Fig. 232. 




Length of 
a = b 



Breakdown 
voltage 



55 cm. 
30 „ 



90 000 volts 
88 000 „ 
80 000 „ 



Length of 
a^-b 



Breakdown 
voltage 



20 cm. 
10 .. 



70 000 volts 
63 000 „ 
52 000 . 



'd^w»^ 



Ttn/M 



aetK^ 



Fig. 233 represents an A. E.G. 
insulator, based on the principle 
of the condenser effect of a bush- 
ing. The insulator has a para- 
bolic form, is hollow and filled with 
a material^ of low dielectric flux 
constant. The density of the radial 
magnetic field diminishes from 
the axis to the periphery; the 
dielectric strength and electro- 
static rigidity of the materials 
decrease in the same direction. 
R. Nagel has solved the insulation problem by the use of condensers 
of nearly equal capacity (fig. 234). His bushing is composed of alternate 
layers of dielectric and tinfold, with decreasing length to compensate for 
the increase in diameter so as to keep the area of the condenser approxi- 
mately constant. This system has given difficulties at the beginning of 



Fig. 233. 
A. E.G. 125,000 volts. 
Entrance Insulator. 




Fig. 234. 
Nagel Condenser. 



») Bruce H. Page, Electrical World, Nov. 3«i 1910. 
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its use, on account of brush discharge and corona effect, but these diffi- 
culties were overcome by the use of a metallic bell attached to the end 
and metallic rings to each of the first few condenser coatings, thus distri- 
buting the dielectric flux. 

A number of different types of wall outlets, or line entrances are 
shown in fig. 235. 



mm^m 




Wall Outlet, 50,000-volt Transmission System, 
Uppenbom, Germany. 

Fig. 235. Typical Wall Outlets. 



131. Equipment of Standard Switchboard Panels of Medium Capacity.^ 

The following is a brief outline of the instruments usually required 
for different panels. 

Generator panel. The standard equipment of a three phase gene- 
rator panel is as follows for a tension of 2300 volts (figs. 236 and 237). 



General Electric Company's Practice. 
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Three ammeters, 

One polyphase indicating wattmeter, 

One voltmeter, 

One field ammeter, 

One S. P. S.T. field switch with discharge clip, 

One hand wheel and chain mechanism for field rheostat, 

One four-point synchronizing receptacle, 

One eight-point potential receptacle and four-point plug, 

One T. P. S.T. non-automatic oil switch, 

Two current transformers, 

Two potential transformers. 




Fig. 236. Standard Switchboard Panels. G. E. Co. 



U.O. - Qrou mi -Detector. 

SyR^W. = SinKkvphfl»e RecordfngWatt- 

C.F- = CompeniifttHi Vottmfit**r- 
KI,W. — I*ulynhi*»e Inflieating Watt- 

muti't, 
BRW. - Ptjiyphaie E^ordlns WsU- 

met€"r 
a = Cotopcwsjitor. 
S.C. = Starting Compensator. 




Fig. 237. Diagram of Connections of 2300 volt Switchboard. 
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Exciter pand. The equipment recommended for exciter panels is as 
follows: 

One ammeter, 

One field rheostat hand-wheel, 

One single pole single throw switch, 

One two point potential receptacle. 

Negative and equalizer switches should be mounted on or near 

the machines, 
A fuse on base, back of panel may be added. 
One voltmeter. 

fJOOO yo/t feeder 

ifi, n. n. n, n, n. 

Choke Coits-\ jj | 
Ugtfining Arresters-^\r^ • 
Expulsion I 




% Sun. Bus. 



WW^ 




Exciter liSK 



3Ph Generator 

i30o y 



Fig. 238. Standard 2300 Volt, 3-Phase Generator Wiring Diagram with Step-Up 
Transformers to 13,000 Volts. 

IndiLction motor pand. 
One ammeter, 

One T. P. S.T. automatic oil switch with bell alarm switch. 
One inverse time limit overload relay. 

Induction motors are sometimes used to drive exciters, and a special 
panel for this motor is generally placed between the exciter panel and the 
generator panel. A Tirrill regulator is often installed on such panels. 

Feeder pand. Three phase and single phase. 

Three ammeters, only one for single phase panel, 

One T. P. S. T. automatic oil switch, D. P. S. T. for single phase, 

One shunt transformer. 

One wattmeter, 

One voltmeter. 

MuUer, Hydroelectrical Engineering. 
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11,000 volt alternating corrent switehboard. OenercUor panel. 
One ammeter, 

One polyphase indicating wattmeter, 
One 175 volt voltmeter, 
One field ammeter, 

One S. P. S.T. field switch with discharge clip, 
One four-point synchronizing receptacle, 
One hand-wheel for field rheostat, 

One D. P. D.T. engine governor control switch (optional). 
One set of 3 S. P. non-automatic switches, operated as a triple 

pole switch. 
Two current transformers, 
Two potential transformers. 




lb msc^tnt 
Fig. 239. End View of 11,000 Volt Switchboard. 



Exciter panel. The exciter panel has the following equipment: . 

Two Thomson feeder type ammeters. 

One 175 volt Thomson feeder type voltmeter. 

Two rheostat hand-wheels. 

Two 2-point potential receptacles. 

Two S.P.S.T. switches. 

One equalizing rheostat. 

Negative and equalizer switches should be mounted on or near 
the machines. 

Fuses on base back of panel may be added. 
Vdtage regulator panel. 

One voltage regulator. 

One potential transformer. 

One current transformer, if compounding is desired. 
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Induction motor pand. 
One ammeter. 
One set of three S. P. automatic oil switches, operated as a T. P. 

switch, with bell alarm switch. 
One time limit overload relay. 
Two current transformers. 
Feeder panels. 

Three ammeters. 

One set of 3 S. P. automatic oil switches, operated as a triple pole 

switch, with bell alarm switch. 
One time limit overload relay. 
Two current transformers. 
One synchronism indicator. 
There should be provided with each line a set of lightning arresters, 
with double bl^de disconnecting switches, one blade being used to dis- 
connect the lightning arrester, and the other to disconnect the line. 

Fig. 238 shows the standard 2300 volt three phase generator wiring 
diagram with step up transformers to 13,000 volts. 

Fig. 236 shows the respective location of the various apparatus on the 
switchboard. The instruments are placed so as to be easily read, and the 
switches, relays, watt-hour meters are located on the lower part of the 
board. Fig. 239 shows the end view of an 11,000 volt switchboard. 

132. Parallel Operation of Alternators. 

When two alternating current generators are connected in parallel 
but driven by different prime movers with no mechanical connections, 
the load will be divided proportionally to the power supplied by each 
prime mover. 

» If one of the prime movers suddenly decreases its speed, its corre- 
sponding generator will drop behind in phase with respect to the other 
generator unit, and this supplies the power to pull it again in synchronism. 
In this effort, it gives an impulse to the lagging machine which causes 
it to swing past normal position, and oscillations are originated until at 
last they die out an\l both machines get in step again. 

However, if the amplitude of the swinging motion is not damped, 
i. e. if it remains oscillative, or incre€ises, then the machines are said to 
be hunting. 

The periodicity of the oscillation is given by the expression 



^ 



-v# 



where < = periodic time of hunting 
-Jf = mass of revolving parts 
C = tangential effort per unit displacement. 

The oscillation are overcome by the use of dampers or magnetic friction 
devices. 

Circulating currents are often present in the parallel operation of alter- 
nators; they may be due to either of these causes: 

Digitized by V^OOQ IC 



244 



Power House and Substation Equipment. 



a) to a difference in excitation 

b) to the phase displacement between voltages 

c) to a difference of wave form, producing a higher frequency current. 
Therefore, for good operation, generators running in parallel must 

have the same voltage, the same frequency and the same phase. 

In practice, conditions of synchronism are usually indicated by in- 
candescent lamps or by a synchroscope. 

133. Railway Converter Substations. 

The general equipment of railway sub-stations consists usually of the 
following apparatus: 

a) A high tension switchboard panel for the incoming line, which in 
most cases carries alternating current. Such a panel is equipped with 
high tension circuit breakers and high tension switches, , connecting the 
feeders to the static transformers, and low tension switches closing ^e 
transformer secondaries on the collector rings. One ammeter is located 
on the incoming line panel; the switches may be hand- or electrically 
operated. The overload actuating devices have the form of tripping coils 
combined with the handle, if the switch is hand operated, whereas over- 
load relays are used for electrically operated switches. 




Fig. 240. Typical Rotary Converter Substation. Boston Elevated 
Ry Co. and Brooklyn Rapid Transit (38 1^ Street). 



b) Static transformers, either single-phase or three-phase, which may 
also be of the air-blast or oil-cooled types. If the transformers are for 
single-phase current, three of them are necessary for either Y or delta 
connection with each converter. 

c) Rotary converters, intended to transform three-phase alternating 
current to 600 volts direct current, the supply frequency being either 
25 or 60 cycles. 

d) Frequency converters, if the primary current is alternating, and. 
of frequencies 25 or 60 cycles, and if a frequency of 15 or 18 cycles 
for the feeders is necessary. 

e) A low tension switchboard with the usual controlling and measuring 
apparatus.^ The disposition of this switchboard varies with the method 
adopted for starting the converter. 
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The primary tension may be of 11,000; 13,200; 19,100; 33,000, or 
66,000 volts. The transformers are generally delta connected for 11,000 
13,200 and 19,100 volts, whereas for 33,000 and 66,000 volts, the 
transformers are preferably Y connected and the neutral is grounded. 
All of the apparatus used for substation work is fully expounded in 
other paragraphs, the general outlines of a typical railway converter 
substation being represented in fig. 240 which is the general layout 
of a station of the Boston Elevated Ry. Co., and the Thirty-Eighth 
Street station of the Brooklyn Rapid Transit. The characteristic features 
are: entrance of high tension cables into station, wiring to oil switches 
through disconnecting switches and oil switche3. All of the high tension 
circuits are provided with electrically operated circuit breakers. 

134. Frequency Changers. 

The frequency changer consists of a synchronous motor-generator set, 
and is used to convert power from one frequency to another. 

Fundanientally, it is an alternating current motor mechanically 
connected to an alternating current generator, bearing to each other the 
following relation 

where f and n are the frequency and number of poles of one machine; 
f and n' the same for the other machine. 

Another type of converter is the induction frequency converter. It 
consists of a synchronous motor driving the rotor of an induction motor 
backward. The stator of the induction motor is connected to the supply 
circuit. Suppose a 25 -cycle supply line. At standstill, the frequency of 
the electro-motive force generated in the rotor windings is 25-cycle8. Driving 
the rotor backwards at synchronous speed develops a frequency of 50-cycles 
in the second circuit. A frequency of 60-cycles will be obtained if the 
roter is driven backward at 14**/^ of synchronous speed. 

The induction frequency convertor has a poor voltage regulation. 

135. Motor Generators and Rotary Converters. 

There are two types of rotary machines in use for converting alter- 
nating current into direct current: motor-generators and rotary con- 
verters. 

A motor-generator consists of a synchronous or induction motor, 
mounted on the same shaft with a direct current generator, both machines 
having therefore separate fields and armatures. The synchronous motor 
type is used where constant speed is of prime importance and where 
line compounding or compensation for low power factor is desired, a con- 
dition easily obtained by adjustment of the field. 

If an induction motor drives the direct current generator, better 
regulation is obtained, but the efficiency of the combination is only 
85 •/o at rated load, which is less than that of a unit containing a syn- 
chronous machine. 
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The rotary converter is a machine in which both the alternating 
and direct currents are in the same armature conductors and there is a 
definite relation between their e. m. fs. 

The chief characteristic of this machine consists in the fact that the 
closed-circuit armature revolves in a field excited by direct current and 
is connected on one side to a segmental commutator and on the other 
to collector rings. 

If E is the electro-motive force of the direct current, it can be 
demonstrated that the alternating e. m. f. E^^ bears the following relation 
to ^ in the case of a two pole machine: 

E 
E.= -zz7; where ^, is the effective value. 

V2 

In other words, the alternating e. m. f. produced between two collector 
rings connected with two oj^osite points of a commutator is. equal 
to the 

D. C. volts X---- 

V2 

at a frequency equal to the frequency of rotation. 

In the above, it has been assumed that the commutator is connected 
to a pair of collector rings (single phase arrangement). If four equi- 
distant points are connected to four collector rings, the e. m. f. per 

E 
phase will be as before E.=—z:^. 
^ V2 

If three equidistant points of the commutator are connected to three 
collector rings, a three phase converter is obtained. 
For three-phase T-connection 

^.— *- 

2V2 
and for delta-connection 

If the rotary converter is run as a motor from the D. C. side and 
alternating current drawn from the slip rings, the machine is called an 
inverted rotary. 

The efficiency of the rotary converter, taking into account, the trans- 
former efficiency is about 90 ®/o. 

A rotary converter may be started in three ways: 

a) Starting from the D. C. side, which is preferable if accumulators 
are used, or if the primary distribution carries a lighting load. 

b) Starting from the A. C. side by means of an induction motor 
having its armature mounted at the end of the converter shaft, 
and having two poles less than the synchronous converter. 

c) Starting from the A. C. side with current obtained from trans- 
former-taps. This method is used most frequently, and in ge- 
neral, starting from the A. C. side is more advantageous, as it 
requires less time to throw the converter into service. 
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The method of starting with an auxiliary induction motor will fail 
if the poles are laminated and if no damping grids have been provided 
on the pole faces. 

By applying poly- 
phase alternating cur- 
rent to the collector 
rings, (c), and bringing 
the rotor up to speed 
as an induction motor, 
the starting characte- 
ristics are identical 
with those of starting 
an ordinary synchro- 
nous motor if its field 
is left without exci- 
tation and a reduced 
voltage is applied to 

Gtnerator 






fran 9fi rmer 







Fig. 241. 

the armature. When 
a shunt to the series 
coils is used, it must 
be opened at starting, 
otherwise excessive 
heating may be ex- 
pected. 

When the synchro- 
nous converter is start- 
ed by one of the two 
methods outlined a- 
bove, it is necessary 
to use some means for 
insuring that the con- 
verter is running at 
the proper speed and is in proper time phase with the supply before is 
closed on the A. C. supply line. With this end in view, incandescent lamps 
may be used as phase indicators. These lamps may be switched either 
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*'dark" or "light", being connected straight across in the first case, and 
cross-connected in the second. 

If the lamps used on a polyphase machine do not flicker in phase 
with one another, one of the phases on the rotary is reversed and a 
pair of the supply lines must be reversed. In the case of a polyphase 
system, the "bright" and "dark" periods should occiu: in all lamps simul- 
taneously. 

If the machine is excited to give a smaller e. m. f. than that of the 
system when it is running at normal speed, a lagging current will ori- 
ginate which tends to strengthen the motor field, so that the generated 
e. m. f. is made equal to that of the system. If the field is overexcited, 
the current will be leading exactly as is the case with synchronous 
motors. 

Therefore, the phase of the current is governed by the excitation. 

In the use of rotary transformers, two or more of these machines are 
sometimes connected in multiple to the secondary of the static transfor- 
mers^, and their direct current leads, are connected in multiple to a 
common bus-bar circuit. With such connections, currents are often formed 
in the rotaries, that disturb the point of commutation, and it becomes 
practically impossible to adjust the brushes so they will not spark. Rather 
than connect across in the above indicated manner, it is better for each 
rotary to have its own transformer, or at least, its own secondary, on 
the static transformer as shown in fig. 241. 

In order to admit the rocking of brushes over a wide area without 
sparking, and in this way vary the tension on the direct current side, 
Miles Walker^ has divided the main poles into two portions, by cutting 
away the pole-face for a short portion of the arc. At this part, where the 
gap is large, a uniform weak field is obtained, proportional to the load, 
owing to the effect of the series winding. 

The brushes themselves are so placed that the e. m. f. generated by 
this flux assists or opposes the main e. m. f. 

^ Electrical Engineer's Pocket Bock. Horatio Foster. 
- Electrical Engineering, London. 
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Chapter VIIL Transmission Lines. 

13ft- Long Distance Transmission of Electrical Energy. 

Great attention and considerable study has been given in the United 
States to the transmission of electrical energy. Recent progress in elec- 
trical machinery and apparatus, together with the fertile resource- 
fulness of the American people have led to many novel and conclusive 
experiments. Tensions reaching as high as 150,000 volts, in some in- 
stances, have permitted the increase of radius of transmission, thereby 
extending the area of a given energy market. It is not extra^dinannto-day 
to hear of power being transmitted over distances from .200 to JLOO miles, 
and projjecjis are at present in development for supplying power to distances 
up to j^b miles. 

In developments of large magnitude, the power generated at the plant 
is distributed at high tension to a system of sub-stations, generally located 
at some market center, where the current is stepped down to a low voltage 
by ,means of the necessary transformers. 

Three phase transmission offers the advantage of economy in the size 
of the conductors, and the elasticity of such a scheme of distribution renders 
it very suitable for the use of asynchronous motors and rotary converters ; 
this explains why a considerable net work of such lines are appearing in this 
country. Experience shows that an amount of power not exceeding 250 
kilowatts may be transmitted over a distance of 6 to 7 miles at a tension 
of 3,000 volts; for 500 kilowatts over 15 miles, a tension of 6,000 or 6,000 
volts is generally adopted. Over thirty miles, a reasonable amount of power 
may be transmitted at from 10,000 to 15,000 volts. A radius of trans- 
mission from the generating plant extending 80 miles may be reached Math 
a tension of 30,000 to 40,000 volts, for greater distances, a system using 
a working voltage of 60,000 or more must be considered. 

The problem of electrical transmission at these high voltages, however, 
presents some compUcations ; due allowance must be made for the 
distributed capacity, self-induction and leakage of the line, the latter 
being apt to appear either as a leakage at the insulators or as a corona 
effect. 

Corona, when begun, increases very rapidly. Its origin is due to 
the breaking down of the air around the conductor, it becomes conducting •» 
and luminous. For voltages above 100,000 volts, it is indispensable to 
investigate and provide against corona losses. 
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At Niagara Falls there are five power stations with a maximum out- 
put of 300,000 HP, supplying power at a distance of 160 miles at a working 
voltage of 90,000 to 133,000 volts. For the transmission of power from 
Mt. Hamilton (California) to Oakland and San Jose, the distance being 
150 miles and 200 miles respectively, a pressure of 40,000 volts is in use, 
until the load on the station is sufficiently large to warrant a tension 
of 60,000 volts being employed. 

In Mexico, where the development of water power has been exploited 
to a great extent in latter years, a 60,000 volt transmission line is already 
in existence, as in the Necaxa plant. On the Pacific Coast, large plants 
have sprung into existence. The station on the Feather River is operated 
at 100,000 volts over a line of 154 miles. 

For the supply of the San Francisco market by the Pacific Gas and 
Electrical Company, eleven water power plants are connected to the 
system of distribution; these are coupled in parallel on a single net work 
covering in all an area of 30,000 sq. miles and extending about 250 miles 
on the Pacific Coast. The total length of this 60 000 volt overhead line is 
about 1000 miles. 

The Central Colorado's plant operates at a voltage of 100,000 volts 
and the Grand Rapids plant at 110,000 volts. 

Lately, hydroelectric energy from the Des Moines Rapids of the 
Mississippi River has been developed. The initial installation has a 
capacity of 160,000 HP, which will be increased to 200,000 KW later, and 
eventually to 300,000 HP, the latter being the full power of the river at this 
point. The energy is transmitted over a 110,000 volt, 25 cycle hue. It is 
thanks to the special capacities of engineering and initiative of Mr. H. L. 
Cooper, the builder of this development, that such a tremendous task 
has been put into practice. Such an installation will constitute the ex- 
ponent of american activity and enterprise, at a time when economical 
interests and industrial developments govern the woild and make great 
nations. 

The development of the Victoria Falls (Zambese River) is also under 
consideration at present, and it is intended to transmit the power to Jo- 
hannesburg and Pretoria, situated at about 800 miles from the proposed 
generating station. 

It has been noted from experience that above 30,000 volts, not only 
do the alternators increase in cost, as well as the transformers, but also 
the difficulties of insulation increase. The^ distances between wires and 
between the wires and the ground are determined by considerations of 
potential difference and the production of a corona effect from the line 
itself. The corona as has been explained is due to the electric stress 
produced in the zone around the wires by its electrostatic charge being 
greater than the air can withstand. 

The rarefied air of the higher altitudes is a better conductor 
than the ordinary ' atmosphere. A corona is more easily formed 
at higher altitudes, and the relation between air pressure and 
electric strength is given approximately by the following empirical 
expression : 
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R = JiJo.\ 



0.8p 



760 



where p is the atmospheric pressure in millimeters of mercury. The 
electric strength is also lessened by an increase in temperature. The ques- 
tion of charging current, with its relation to the frequency, must also 
receive proper consideration. Low frequencies are to be preferred in gen- 
eral, on account of the reduced effects of inductance and capacity. 
Frequencies of 25, 50 and 60 cycles offer the best advantages, as the dif- 
ference between weight and cost of equipment is not very marked. For 
electric traction, a frequency of 25 cycles per second is in general use. 
The standard frequencies used in America are 25 and 60 cycles. The 
latter is used for lighting purposes, and can be easily transformed to 
frequencies of 25 or 50 cycles per second. 

The limit of high tension is imposed by the loss of the line, which 
bears relation to the diameter of the wires and the distances between them. 
In high tensions, rupture of the air takes place; discharges attaining 
several inches in length are produced, accompanied by sound and an. 
ozonizing effect of the air. 

Table LVII computed by Messrs. Marchant and Watson, gives the 
stresses existing on the lines and the factor of safety allowed, for trans- 
mission Unes of the highest existing voltages: 

Table L\^I. 



Plant 



Voltage 



Conductor 
B. and S. 



Spacing 


Altitude 


Stress. 


cm 


Ft 


K«./cm 


300 


800 


24.2 


— 


— 


33.0 


300 


6.000 


23.2 


300 


1.000 


19.6 



Factor of 

Safety 

allowing for 

Altitude 



Great Western Power 
Co. Island Bar 

Central Colorado 
Power Co. 

Grand Rapids 



\ 100,000 I 000 
j 150,000 I — 

V I fOO(M ftrand^ 

} 100,000 I < with hemp \ 

110,000 ! 0000 



1.52 
1.11 

1.34 

1.87 



Valuable data on many of the Western transmission systems are 
given in table LVIII^ and table LIX* gives the chsuracteristics of American 
power plants with transmission voltage of 70,000 or more. 

The Thury system of transmission by means of high voltages and 
direct current is receiving serious considerations, as it offers some advantages. 
Although this system of distribution may receive wide application in the 
future, it must be noted that the construction of high tension alternating 
current m^^^hinery is more easily done than the equivalent direct 
current machinery; alternating current system offer simpler distribution, 
and do not produce electrolytic effects such as occur with the direct cur- 
rent system. 



1 Electrical World-Vol. 59. No 22. Page 1195. 
• A Study of Three-Phase Systems. C. Fortescue. 



The Electric Journal, Sept. 1914. 
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137. Transmission Line Calculations. 

With steadily rising voltages and increasing distances of transmission, 
the problem of energy transmission has become of prime importance. 
The problem presents itself under two . aspects : the electrical and the 
mechanical considerations. In both cases, methods of analysis exist in 
profusion, and a large nimiber of formulae are given. 

In any development and long distance transmission of electrical 
energy, the transmission line is usually the largest part of the investment ; 
and it is obvious that the system of distribution requiring least copper, 
i. e. the three phase system, can be considered with advantage, although 
the high tension direct current system has in some instances proven 
practical. 

The relative amounts of copper required for various systems and for 
the same difference of potential between wires is given herewith : 

Single phase system 100 

Two phase four wire 100 

Two phase three wire 146 

Three phase three wire 75 

Direct current 50 

It must be noted that the weight of conductor is inversely proportional 
to the square of the voltage, therefore the higher the potential the better, 
at any rate, so far as this is consistent with good engineering. Following 
is a recapitulation of the relations between the length of line and voltage 
which have been found praxjtical: 



Distance in miles. 


Voltage of line. 


6—7 miles 


3000 volts 


15 „ 


5000 to 6000 volts 


30 „ 


10,000 to 15,000 „ 


80 „ 


30,000 to 40,000 „ 


100 „ 


60,000 „ 


100-200 „ 


60,000 to 150,000 „ 



Considerable diversity of opinion exists in the choice of tensions and 
the above must not be considered as standard. Mr. Still has derived the 
following empirical formula which may be used for preliminary estimates 
and which agrees generally with modem practice: 



^=6.6Vri-Z 
in which 

E = tension in kilowatts, 
I = length of transmission line in miles, 

, horsepower transmitted 

^ 200 • 

The highest voltage that can safely be used in connection with the 
pin type of insulator is 44,000 volts. The suspension-tyi^e insulator is 
used for higher voltages, and its cost is comparatively moderate. It 
can be said, in the present state of the art, that the voltage limit of to- 
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day is due to corona loss from the line conductor, but not from the line 
insulator. 

The cost of long distance transmission depends on the voltage. It 
decreases (as far as the conductors are concerned) with the square of the 
tension, but the cost of insulators increases with the voltage. This ds also 
true for the pole-line, because high tension requires greater distance 
between conductors, longer or higher poles, long cross-arms, heavier con- 
struction. As to the spacing of the conductors, a blisis for calculations 
may be taken at one foot for every 10,000 volts between conductors. 

The critical length of a transmission line may be foimd by the formula : 

. 460 , 450 

in which 

/ = natural frequency of the system ; and 
I = length of the line in hundred miles. 
If -^m ii^ milhenrys, 

C^ in microfarads, 

for concentrated inductive and condensive reactances, the natural fre- 
quency is determined by: 

5050 

^ for distributed inductive and condensive reactances, as is the case in trans- 
mission lines: 



f- 



7900 



As has been said, there is a limi- 
tation to the increase of voltage on 
transmission lines due to the break- 
down of the dielectric, the limiting 
voltage being defined by the expres- 
sion: 

d 



^«.a,= 110(2r)o.8 1og,,2^ 



kilovolts 




in which 

^•««* = maximum value of the 
voltage, 
r = radius of the conductor 
in inches, and 
d = interaxial distance be- 
tween parallel wires, 
also in inches. 

The critical voltages, between conductors in three phase circuits are 
shown by the curves^ (fig. 243), which were plotted from the above for- 
mula. The effective voltages values corresponding to the appearance of 
corona are given for conductors No. 10 to No. 0000 B. & S. at spacings from 
1 to 12 ft. 



Conducfot uitHntlo^ fl/tchtBi) 



Fig. 243. Critical Voltages between 
Conductors in Three -Phase Circuits. 



Erich Hausmann, Electrical World. Nov. 17, 1910. 
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From the mechanical point of view, the calculation of stresses and 
sags in wire spans is a very important problem, which could be rendered 
easier if there existed comprehensive data in relation to the sleet and wind 
loads; not only should such data cover wind, sleet and temperature 
independently, but also show simultaneous values in all. possible com- 
binations. In assigning values to the maximum stresses to which the 
line will be subjected, the designer of to-day is merely assuming 
that it is probable ihat such values will not be exceeded in practice. The 
stresses caused by wind velocities and sleet loads are as important as reU- 
able data relating to them is scarce. The best poUcy involving evidently an 
error on the side of safety, consists in assuming always the simultaneous - 
existence of the maximum known wind velocity and maximum probable 
load of sleet with the respective degree of temperature. 

Steel towers have become the favorite form of construction on large 
systems. In the present state of the art, they are considered as cantilevers, 
not as columns. The external loads are due to dead, ice and wind loads. The 
weight of the conductors and their coating of sleet, the weight of all inherent 
material, cross arms, insulators and the tower itself, are loads which it 
carries as a column. The wind forces act at the top of the towers, where 
the wires are attached, and if it is placed at a bend, the horizontal com- 
ponent of the tension must be added. 

The best type of steel tower is undoubtedly the Semenza type, consisting 
simply of a pole or tower, that will bend within its elastic limit, thus redu- ' 
cing the strain on the line. In such an arrangement, anchorage towers of 
greater stiffness are placed at intervals. There are many other considera- 
tions besides lightning protection to be kept in mind in designing trans- 
mission lines, but these are different in each case, such as faciUty for effect- 
ing repairs, insulator cost, and the proximity of a telephone Une. 

In a continuous current circuit, when the current is constant, the 
power supplied to the circuit is IE. In an alternating current circuit, 
considering that the current and e. m. f. are not in phase, the above con- 
dition is not usually realized. 

The alternating current is a harmonic function of time, represen- 
ted by 

% = Iq sin coT 
where 

i = instantaneous value of current, 

/o = maximum r >» « ? 

CO =2nf^ where / is the frequency of the current, 

T = period of one alternation = . 

If the current % flows in a circuit containing resistance, inductance 
and capacity in series, the impressed e. m.f. must equal at every instant 
the sum of the reactions, i. e : 

e = 22 of reactions 



=--^+§^+? 
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where Q is the instantaneous charge of the condenser and C its capacity. 
The solution of this equation gives as the value of virtual current: 

The denominator of this fraction is called the impedance of the circuit, 
its value is expressed in ohms and it is represented by the symbol Z. 

The expression \2nfL — - — 7^) is the reactance of the circuit, also 

expressed in ohms, and represented by the symbol X. 

In the same circuit, if cp is the angle of phase difference between 
the voltage and current, (p is defined by the following relations 

1 



2nfL-^ 



tan (f = 



2nfC 



X 
B 



2,1/ L—, 



sm (f 



cos 7^ 



ifC. 



I 



R 



X 

z 

R 
^ Z 



(lKfL)I 




Fig. 244. 



These relations are plainly shown in the vector diagram, fig 244. 
The actual power of the circuit we have considered so far is represented by 

P = EI cos (p 
The effect of the inductive reactance 2nfL is to cause the currrent 

to lag behind the e. m. f., whereas the condensive reactance ~^Yh causes 

a leading current. As the two effects oppose each other, there will be a 
condition where one effect will be neutralized by the other. This is called 
resonance and is expressed by 

As will be seen, ^^^^0, in other words the current gets in ^hase 
whith the e. m. f. The condition of maximum current is attained, that 
E 
R' 

In transmission lines, the inductive reactance is produced because of 
the cutting by the wire of the lines of force set up by the current in 
said wire. The condensive reactance is created on account of the wires 
acting in the same manner as condenser plates, the dielectric medium 
between them being the air. 

The capacity of one wire to neutral is represented by 

38.6 



is I- 



C= 



lOMog, 



2D 



m. f. per mile. 



MuUer, Hydroelectrical Engineering. 
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C 
The capacity between 2 wires will be -- . It will be also important 

to remember that charging current of any condenser is given by 
- _2nfCE - _ E _E 

^^-^10^ ^^ ^^- 1Q« -Ze" 

27ifC 
The self inductance per wire has the following expression: 



^ 0.161 r^, 2D , 1 



, in henries per mile. 



10« r'^^ d ' 21' 
In the above 

C = Capacity between conductor and neutral plane, 
2) = Distance between outside of conductor and neutral 

plane, inches, 
d = diameter of wire, inches; 
L = self-inductance per wire, in henries per mile: 

In the symbolic method, the respective values^ of the factors influen- 
cing alternating current circuits are: 

Resistance = R 

Inductive reactance =27itL = Xl==JXl 

Condensive reactance = ^--zt^ = Xc = — jxc 

ZJif O 

Reactance = 2nfL — - — ^ = ; (zl — Xc)= ± jx 

Impedance = Z = yE* -{-x^ = R ±jx. 

For convenience in calculations, the following notation is frequently 
used: 

R , . X 

p = cos <p= ,^ and y = sin 95 = - . 

Other functions which facilitate the calculations of alternating current 

circuits are as follows: 

p 7? 

g = conductance = ^y =y^-± y ^). 

X^^ X 

Z^ (R ± jx)' 



6 = susceptance — ^^ 



Y == admittance = ^- =^ r» i— ^ • 
Z R±jx 

The capacity of a transmission line is considered in various ways. For 
small lines, it is sufficient to assume that the total capacity is diunted 
across the line at the middle; Perrine and Baum have shown that the 
error attained in such cases is very small. With high voltages and long 
distances, the problem of distributed capacity is to be considered. 

It has. also been customary to divide the imaginary condenser in two 
parts, and suppose each, part to be shunted across the conductors at each 
end. Still, another way is to assume the condenser as being divided in 

' When refering to current, -f-J means leading current or anti-induct!ve load. When 
referring to tension, -|-j means leading volts or inductive- load. 
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six parts, one sixth being supposed connected across at each end, and 
two thirds at the middle. This method has been recommended by Dr. 
Steinmetz. There is no doubt that an error is introduced by the use of 
these methods, but the actual condition of uniformly distributed capacity 
cannot be analyzed except by means of the hyperbolic function& 

It is well ta bear in mind, when treating with alternating current 
circuits, that this sort of transmission line must be considered as a circuit 
having resistance and inductive reactance in series with the load and a 
condensive reactance in parallel with the load The capacity of stranded 
conductocs being greater than that of solid conductor, the outside dia- 
meter of the cable is taken as the basis for the calculations. 

188. Surges in Transmission Lines. 

Electrical surges may be due to several causes : static charges, high 
frequency atmospheric discharges and the sudden opening or closing of a line. 

Static charges may originate when a loaded cloud comes close to the 
line, and a considerable rise in voltage can result. 

High frequency atmospheric discharges are generally produced when 
lightning occurs between two clouds. A wave will be formed in the conductor 
(fig. 245) which will reach the trans- 
former T. . 

The inductance of the latter will ^''^^Z^^-^^^^— ■<_.___!) 
offer a considerable resbtance to the high /^^'^j 

tension current, and the excess of this .- — 

voltage will be distributed over the first -^^ ^^-.^ ^ ^-^ 
windings of the transformers, obviously ^-^ \Zy xZT* 
producing damage in them. A protection 
against static charges may be made by 
inserting high resistances between the 

Une and the ground. Such apparatus is ^^-^-^^^^^-^--^^^^-^ ^^^ 
described in the paragraph relative to Fig. 245. 

lightning arresters. 

Surges due to sudden opening or closing of switches will now be exa- 
mined. Let 

L == inductance of the line, 
/ = current of the line, 
G = capacity of the line, 
F = voltage rise. 

If the line is suddenly interrupted, the magnetic energy stored in the 

LP 
line will be -_- ; if C is the capacity of the line, the corresponding ten- 

sion Y will be found by the relation 

LP CV ^ -i/I 

The termT/ y, is constant for any line, and its value is usuaMy taken as 
200, so that the value of the voltage is determined by 

V -=-- 200 / . 
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It is seen therefore, that the calculations for this case are very simple, 
a thing that is not true for the calculation of surges due to the closing of 
the line at its far end. The location of a transformer at this point compli- 
cates the analysis of the phenomena. The saturation of the iron core 
must be considered and the capacity of the transformer is to be appreciated. 



139. High -Voltage Disturbances in Transmission Lines. 

a) Resonance. 

A transmission line is fundamentelly a circuit as represented by 
fig 246. It has been stated on page 257 that the capacity effect is 
opposed to the inductance effect. If both effects neutralize each other, 
resonance occurs and nothing but the resistance of . the line would be 
opposed to the current Now let us examine what may happen practi- 
cally. 

Suppose a line of relatively small resistance, but with a high capa- 
city, if a high inductance is placed in series, a dangerous voltage can be 
produced. 

For instance, let 

J57 =30000 volts 

E'l T¥TP— I jR =-= 15 ohms 

^ Xc = 1200 ohms. 

o 



R»15a) 




R'Z'fSo) 



Xc'IZOOoj 



X^'1200(O 



Then 

Z = ]/l5-^- 
Therefore, 

/ = 



1200^ = 1200 in round figures. 



E 30000 



25 amperes. 



Fig. 246. 



Z 1200 

If there is resonance in the circuit, and we 
have originally 

E =30000 Volts 
Xi,--1200 CO 
Xc--1200 r/> 
R =Z = 15 w, 



then 






= 2000 amperes. 



^_ 30 000 
Z~ 15 

The tension at the capacity and inductive reactances would be high 
as the following conditions show: 

^c = /Zc = 2000:<1200 = 2400000 volts 
£i; = /Xi = 2000:^1200 = 2 400 000 volts. 

A combination of partial resonance, with over-excitation and racing 
of prime mover, may also cause disturbances. 

This can happen as in the case of a sudden short circuit or the use 
of a great amount of power at the load- end of the transmission line. In 
effect, in such a case, the automatic regulator maintains the original vol- 
tage by increasing the field excitation of the generator to a maximum. 
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The speed of the turbo-generator set is maintained because the turbine 
governor opens the gates. All this will last until the short-circuit or 
great overload is cut-oflF. Then suddenly, the excitation is for above 
normal, so is the speed of the turbo-generator set, and a rise of tension 
occurs in the line; this is plain- because of the fact that in high tension 
transmission lines, the I Xc factor represents about 50 ^/q of full load 
current. 

The excess of voltage in the case just described is liable to reach as 
high as lOO^/o or more above normal. If synchronous machines are used 
at the load end, conditions will be favorable in preventing this class 
of disturbance. v 

Finally, higher harmonics of the generator wave can produce resonance. 
It is well known that inductive reactance increases with an increase of fre- 
quency, whereas condensive reactance decreases with an increase of fre- 
quency. Therefore, at higher frequencies, they approach each other in 
magnitude. Higher harmonics may originate in transformers and in syn- 
chronous machines. In transformers, both the 6. m. f. and exciting current 
cantiot be sinewaves, because the exciting current of transformers depends 
on the magnetism by hysteresis cycle. 

The constant current harmonic of transformers can be eliminated by 
a short circuit )as is produced by a zl-connection on one side of the 
transformer. 

In the case of generators, and synchronous machines, the higher har- 
monics differ from those just described above in that they are of the 
constant potential type. When a generator is under load, the terminal 
voltage is the result of induced e. m. f. and the e. m. f. consumed by the 
reactance of the armature circuit. As this varies with double frequency, 
the result is a pulsation producing a third harmonic, which is the more 
common and prominent in synchronous machines. 



140. Corona Effect 

If the potential across the air space separating two parallel trans- 
mission line wires exceeds what is called the critical voltage, the air be- 
comes luminous or it breaks down. This phenomena which has received 
the name of corona, has a considerable heating effect, resulting in an in- 
crease of the conductivity of the air and involving a serious power loss 
in high tension transmission lines. 

It has been observed that corona loss varies with the voltage, size of 
conductor, spacing of conductors, atmospheric pressure and condition of 
atmosphere. A decrease of pressure in the surrounding dielectric causes 
an increase in corona loss, and when the pressure is as low as 20 inches, 
the loss is considerable. 

Transmission lines of high voltages make the consideration of corona 
losses an important factor, and the following formulae, developed by Mr. 
Peek^ will be found useful for calculating the kilowatt loss for any 
transmission line. 



* F. W. Peek jr. The Limiting Effect of Corona on the Electrical Transmission of 
Energy at High Voltages. General Electric Review. October 1911. 
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Let: 

e^= the "effective visual critical" voltage to neutral (in K. V.), 
e^ = ''disruptive critical voltage" to neutral (in K.V.), 

p == the total power loss in kilowatts per mile (single conductor), 

e = effective kilo volt to neutral (applied), 

A = a constant = 552, 
g^ = stress of the dielectric = 53.6 K. V. per inch effective, 

X ' A '^ t . 17.916 

(5 = air density factor = --^77-, -. , 

459 -f- t 

= « at 77® F. and 29.92 barometric pressure, 

ft = barometric pressure in inches, 

t = degrees temperature Fahr., 

r = radius of conductor in inches, 

8 == distance between conductors in inches, 

f= frequency, 

m^ = irregularity factor = 0.98 to 0.93 for weathered wires, 

m^ = 0.72 local corona all along cable, 

= 0.82 decided corona all along cable. • 

The "effective visual voltage" is given by the relation 






l^giof 



X 10-^ kilowatts. 



e, = 2.302 w^ero<Jr 

The ''disruptive critical voltage" is given by 
e^ = 2.Z02m^g^dr\og^^^, 

The total power loss in fair weather in kilowatts per mile of single 
conductor is determined by 

p = |/|/r- [6-2.302 moi7o<»^log,ol ' 

In case the effect of snow storms is considered, e^ is to be lowered to 
80% of its fair weather value, although it must be note<^ that such storms 
occur only at intervals. 

The above formulae may also be useful in determining the size of 
hole should the wire be carried through a wall. 

Prof. B. Davis, of Columbia University, has developed the foUowng 
formula for determining the electrical intensity at the surface of a con- 
ductor that will just produce corona: 

where Jf = 4.3 for parallel transmission lines, 

r = radius of conductor, in cm, 

6 = density of air, usually taken as unity for atmospheric pressure, 
Z, = gradient or electrical intensity at surface of conductor, 
jro = 26,600 volts per centimeter. 

141. Disruptive Distances. 

The curves shown in the diagram, fig. 247, and determined by Mr. 
Vogelsang after numerous experiments, give 
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a) exploding distances in inches between horns or antennae in air, 

b) exploding distances between points in air, 

c) exploding distances between plates in air, 

d) exploding distances between points in natural mineral oil such as 

is generally used for switches. 

The current used in the experiments was alternating, 42 cycles, and 
nearly of sinusoidal wave form. When a plate of glass is located parallel 
to the horns, and covered with a slight layer of metal, the curve b is ob- 
tained, as between points. This may be explained by the condensation 
of the plate, which gives to the tension 
curve a pointed form. The curve c is rela- 
tive to the distance between copper plates, 
about 2 inches in diameter. 

The curve corresponding to the dis- 
ruptive (iistance in oil was determined by 
pointed electrodes; however the experi- 
ments tended rather to show that the 
form of the electrodes when submerged 
in oil had such little influence over the 
results that this feature could be neg- 
lected entirely. The safe distance between 
apparatus may be taken as that given in 
the curve a between the antennae aad that 
of curve d in oil. 
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Fig. 247. 



Table LX gives the disruptive distances in air between opposed 
sharp needle- points for various effective sinusoidal voltages in inches 
and in centimeters. Comparing with the curves in fig. 264 it will be seen 
that the values given in the table correspond approximately to the values 
of curve a. . 

Table LX. Sparking distances} 



Kilovolts; 


Distance 


Kilovolts 


Distance 


square root 






square root 
of mean 






of mean 






square 


Inches 


Centimeters 


square 


Inches 


Centimeters 


5 


0.225 


0.57 


140 


13.950 


35.4 


10 


0.470 


1.19 


150 


15.000 


SJ«.l 


15 


0.725 


1.84 


160 


16.050 


40.7 


20 


1.000 


2.54 


170 


17.100 


43.4 


25 


1.800 


3.30 


180 


18.150 


46.1 


30 


1.625 


4.1 


190 


19.200 


48.8 


35 


2.000 


6.1 


200 


. 20.250 


51.4 


40 


2.450 


6.2 


210 


21.300 


54.1 


45 


2.950 


7.5 


220 


22.350 


56.8 


50 


3.550 


9.0 


230 


23.400 


59.4 


60 


4.650 


11.8 


240 


24.450 


62.1 


70 


5.850 


14.9 


250 


25.500 


64.7 


80 


7.100 


18.0 


260 


26.500 


67.3 


90 


8.350 


21.2 


270 


27.500 . 


69.8 


100 


9.600 


24.4 


280 


28.500 


72.4 


110 


10.750 


27.3 


290 


29.500 


74.9 


120 


11.850 


30.1 


300 


30.500 


77.4 


130 


12.900 


32.8 
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142. Loading and Transposition in Telephone Lines. 

If two telephone wires are exposed to the inductive effect of a trans- 
mission line, they become center of induced currents, interfering with the 

action of the telephone hne in a degree 

( X' X >C ~ ) directly proportional to the difference in 

^ ^ ^ action of the inducting lines ; if the latter 

Fig. 248. Transpos^ion in Telephone ^^e unequally distant from the telephone 

*°^" line. This trouble may be overcome by 

transpositions effected at regular intervals (fig 248) , the result being that 

the inductive influences are neutralized. Call L^ and L2 the coefficients 

of self-induction per unit length between two telephone wires and the 

wire of a transmission line having a current /, the electro -motive forces 

induced in a length Z, are respectively : 



E,--IL, 



dl 

dt ' 



4 



The resulting electromotive force acting in the telephone circuit will 
then be 

If the telephone wires are equally distant (fig. 249), 
,^, the coefficients of self-induction are equal and the value of 

the induced e. m. f . is zero. 
^/ \ However, if such distances are not equal, as is always 

the case in three phase transmission Unes it is necessary 
to effect transpositions of the lines. 
*" In the latter case, the electro-motive forces will have 

for values : 

E,^-(lL,+l'L,)f^ 

£? and the resulting e. m. f. would be: 

E,-E,==(L,-L,){]i'-l)f-, 

Lp^ which becomes equal to zero for l=V, 

Mr. E. J. Berg^, analyzes as follows the inductive 
effect between a transmission line and a telephone line 
(fig. 250), there being no transposition and no ground. 

Let: Ay By Cy represent the conductors of a three 
phase transmission line, and E and D, a telephone line, 
the diameters af all conductors being assumed equal. 



9B 



mmmm 



D 



Fig. 250. Call : 



E. J. Berg. Electrical Energy. 
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a^ = the distance AD 

a^ = the distance AE 

6 J Bs the distance BD 

62 = the distance BE 

c, = the distance CD 

Cj = the distance CE 

L^ = coeff. of self induction per mile between D and E due to A, 
Lj^ = coeff. of self induction per mile between D and E due to J5, 
L^ = coeff. of self induction per mile between D and E due to C 

The values of the respective coefficients in milhenrys per mile will be 

L -Hi 

^'~ 10»l 



Foi 2a, _, 2a,1 322, a., 



, 322, Cj 



There being a phase displacement of 120<^, the resultant is 

The reactance being -iTvs*" i and the induced e. m. f. =r=~J'L^'I, 

where / is the frequency and / the current in each main conductor. The 
induced e. m. f . is proportional to the density of the current, and this condi- 
tion may be overcome by proper transposition. 

M. Pleijel cites the case of a railway using alternating current at 
15 000 volts and 25 cycles. The railway follows telegraph and telephone 
lines for 3| miles. On the telephone lines, only a slight sound was dis- 
cernable when the trains started or stopped. The tension between these 
lines and earth was about 20 volts at one end. But on a telephone line 
carried on the same posts with the transmission line, the tension was found 
to be 5000 volts. The trouble was overcome by substituting for the light- 
ning guards an induction coil placed between the two line wires, the middle 
being connected to earth. In this particular case, measurements had shown 
that 75% of the interfering currents were electro-static and 25% electro- 
magnetic. 

The value of transposition as regards electrostatic effects is not 
accounted for as in the case of self-induction; Mr. Berg shows that in 
using the formula 

, I 

E^^E 1 

log.o - 

-l «= distance from end of conductor to ground, 
r = radius of conductor, 
E = potential difference to groimd, and 
E^ = potential difference to ground at distance x from conductor. 



where 
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The resultant voltage above ground for D (fig. 250) is: 



Ed = V[E, ^ 0.5 {E, + E,)Y + 0.76 [£, - E^f 
in which the voltage due to ^ is: r 

log.-/ 
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Ej^ and E^ being determined similarly. In case of transmission lines 
using very high voltages, the static voltage may be considerable if the 
distance to the telephone line is small, the best remedy being to use a tele- 
phone transformer the secondary neutral of which has been grounded. 

Fig. 251 shows Western Electric Go's practice for the protection of 
telephone lines located near high tension power lines. 



143. Kelvins Law- 
Lord Kelvin has shown that the most economical conductor is that 
in which the annual cost of energy wasted is equal to the interest and 
depreciation on the capital outlay, i. e. proportional to the weight of 
the conductor. The cost of a transmission line may be represented by 
two parts: 

1) the cost of the conductor and its supports and insulation; 

2) the cost of labor involved in its installation. 

The first item as well as the second can be considered as being com- 
posed of two parts ; in the first case it is found that : 

in which 

c = constant cost per unit of length, 
C^ = variable cost per unit of length depending on A, 
A = area of cross-section of conductor, and 
C = cost per unit length of transmission line. 

The second item corresponding to labor will give: 

C' = c' + CJA. 
In the following let 

r = rate of interest charged on total installation cost, 
d^ = rate of depreciation on cost of conductor material, 
d^ = rate of depreciation on cost of conductor supports, 
d^ = rate of depreciation on cost of station, 
Ca'r= cost per annum of energy wasted in the line, 
C^" = yearly depreciation and interest on cost of line, 
C^ = Crf' + Crf", 

N = number of hours of operation per year, 
C^ = cost of energy per kw. hour, dollars, 
C\ = cost of equipment of central station, per kw. dollars, 
/ == current in amperes, 
A = cross-sectional area of conductor, 
g = specific resistance of conductor, 
I = length of conductor, 
p,q = coefficients for convenience, and 
Cj = cost of the line. 

The cost of the Hne will be 

C, = 1[(c + C,A) + (c' + G:A)\ 
and 

C^.. = Z [(c + C,A) (r + d,) + (c' + CJA) (r + d,)] 
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which may be written 

assuming that 

p = i[c(r + d,) + c'(r + (i.)] 

? = i[^x('- + rfc)+C;(r + d.)]. 

The resistance of the line is 

The energy lost in the line in Kw. hours will be denoted by : 

' 1000^ 
which represents a sum of 

The annual capital charge in dollars for the power lost in the line is 
The cost in dollars of the lost energy will be : 



C7. = (7,+(7, = -^^;^[i^C. + (7.(r + rf.)] = 3, 



Therefore : 



m 



C, = C7i- + Crf-. = ^ + p + gr^. 



This expression is a minimum when: 

It will be noted that £, the voltage of the line, does not enter in the 
last equation, the section being therefore independent of the e. m. f., 
whereas m being a function of Z, the section is influenced by the distance. 



144. Calculation of Direct Current Transmission Lines. 

In th^ following discussion let: 

/ = current in amperes, 
E = voltage at end of line, 

/ == length of transmission line (one way), 

e == voltage drop, 

A == area of conductor in circ. mils, 
N = number of horse power to be transmitted, 

Q = resistance of copper wire per circ. mil foot, 
W =^ weight of one circular-mil foot of copper, 
C = cost of copper per circular mil foot, 
K = cost of installation per horse power of generating plant, 
C^ = cost of posts, labor, insulators etc., of transnrission line, 
C^ = cost of receiving station, per horse power, 

^ = efficiency of generators, and 

a =- efficiency of turbines. 
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The current will be given by: 

746 jy 
Ea 
and the resistance of the line will have for value: 

The voltage drop f^ong the line is: 

^ — '^- Ea "A ~ EaA ' 

The cross-section area of the conductor is found by the following 
equation : 

_ 149 2 J^e? 

The cost of the line, two lengths, is equal to: 

U^2NqPWC 
Eae 

and the amount of generated power: 

^-fe N \ 
E 'a'fi' 

The cost of installation per horse power being K, the cost foriV horse 
power will he NK and the expenses will be represented by: 

The total expense per horse power will be: 

E + e U92ePW C , fi , ^ 

Ea-fi EaC '^N^^'' 

The first cost, or cost of installation, will be a ininimum for: 

K U 92qVW C 

/? e* 

from which the voltage drop may be determined: 



! = 38.6/]/! 



QWCfi 



K 
Calling m the efficiency of the line: 

Ea-p 



■ w* = -_ , 

E-\-e 

or 

a-B — m 

c= — " 

m 

and the expenses in the terms of m are : 



E 



2K K Ct 
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Some important facts are revealed by this analysis: the value of e 
for which the expenses are minimum is a function of I, and not of the e. m. f . 
of the machine, and the ratio between the cost of line and first cost of plant, 
depends upon the commercial efficiencies. The resistance of copper wire 
per circ.-mil foot at 75*^ Fahr. is equal to 5.25. For all practical purposes 
2^ may be taken as 11 for copper and 16.5 for aluminum. Although these 
Values are a Uttle high, the error is on the safe side. If aluminum is used, 
C must be taken care of in that respect. 



145. Calculation of Single Phase Transmission Line. 

Let E^ = generator voltage, 

E^ = voltage at receiving end of line, 
co= 2nf, in which /*= frequency, 
i?2 = line resistance, 
L^ = self inductive coefficient of line, 
/ = current in amperes, 
cos 99 = power factor of the system at generator end, and 
cos cp' = power factor of load at receiver end of line. 

The cosine of the angle of lag is given by the equation : 

R 

COS<p= • rr-:^^-— - 

VL^CO^ + U^ 

in which 

R = resistance of the whole system ; and 

L = its coefficient of self-induction. The power factor of load 

at the receiving end of the line is generally from 0.60 to 0.80 for motor 
circuits, and 0.95 for lighting. In order to determine E^, consider a system 

^d of rectangular co-oodinates as shown 
per fig. 252. Lay off an angle : 

AOX = (p' =^ angle of lag at 
receiving end of line and bn 0-4 mea- 
sure 0^ = voltage at receiving end 
of line. 

From A lay off I R^ and coLg/ so 

that 

. „ CO L^ 
tan (p = -v» - . 

The voltage at the generator will 
be given by OJB and determined as 
follows: . 




Fig. 2.^2. 

Eg cos (p = 
E sin cp = 
Remembering that 

and substituting in (1) gives: 
Eg sin (p 



:^^cosy)'-f/J?., 

= ^^Vl— cosV + ^J^,/ 



(1) 



-^o»^ (p =«in q)' 
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From the triangle OF By the value of E is found to be: 



or 



E^^ = {E^ cos ip' -f - /i?J« + {E^ Vl - cos^ q/ + coL, If 



E^ = ^/iE^ COS 9?' + / iJJ^ + [E^ sin 7?' + a>L, 7]^ . 
The efficiency of the line will be given by : 

E^ cos q)' 

^~ E^Q9^q>'^IR^' 

If the efficiency e is too low for good regulation, it is better to install 
a duplicate circuit, carrying each one half of the load. It is also the prac- 
tice to use such apparatus at the receiving end of the line, as will increase 
the power factor. It will be noted in the above discussion, that the effect 
of capacity has been neglected. This effect, however, must be considered 
in the case of long transmission lines. 

146. Single Phase Transmission Line. Economics.^ 

Let: E^= voltage at receiving end of line, 
P = kilowatt output at generator end, 

\ = length of line in miles (one way), 
C = cost per-kw. year at generator station (dollars), 

C = cost of conductor per pound (dollars), 

p = interest rate on cost of conductor, 

Q = resistance of copper wire per circ.-mil per mile, in ohms, 
W = pounds per mil-mile of conductor, 
R = total resistance of line (two ways) in ohms, 
A = area of conductor, circular mils, 

n = loss in terms of generated power, 
cos (p == power factor of load, 

m == annual cost per generated kilowatt and 
X = a symbol for convenience. 

The loss along the line has for expression: 

The annual cost of loss along the line is determined by : 

The weight of the conductors (both ways) is 

21WA 
The cost of conductor will be represented by: 

2GIWA 
The interest on conductors per year will be represented by: 

2 pCl WA 
The total resistance of the line is 



^ For a fall discussion of this subject, see Transmission Line Calculations, M. W. 
Franklin; The General Electric Review, March-April, 1910. 
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The drop along the hne is determined by 

nE^ C03JP _ 1000 P^ J? ( 1 — n) 
(l-~n) E^coQfp 

Substituting J?= a^ ^^ ^^® above equation gives: 

nE^coBif _2000 PgQl (I— n) 
(1 — n) E^A cos (p 

The conductor area will then be found to be: 

2000 PgQl (I— n)^ 



A = ^-o^^-« - - (1) 



The annual cost of line and intAest charges are: 

The annual cost per generated kilowatt is 

CgPgn-^^rpCWlA 



9 

Substituting for A its value given in (1) gives 
m 



JS?/ncosV J 



Expanding and simplifying 
in which 



p. 






_ 4000^pCVff Z^ 

COS* (p 



The annual cost per generated kilowatt will be a minimum for 



If the receiving end of the line is considered and calling 

Pj = kilowatts delivered, and 
n = loss in terms of delivered power, 

expressions (1) and (2) will become respectively: 

2000 P ol 
A= -^^?- (^) 



»=i]/, 



". '*' 



147. Three Phase Transmission Line (Short Distance). 

Let E^^f^ = virtual value of e. m. f ., 

I^^^ = mean virtual current per line, 

Pg = power to be transmitted, or power at generator end, in watts, 
cos (p = power factor. 
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/ = length of transmission line (one way) in feet, 

g = voltage drop in %, 
A = area of conductor in circular-mils, and 
R = resistance of the line (one way). 

The power at the generator terminals is 
CJonsidering the resistance r 

pr W^ Eeff COS (p-e 

The value of R at 75*^ Fahr. is given by 

R= ' 2 — for aluminium 
A 

i*~ for copper. 

Oonsidering the case of copper and substituting: 

6.60 1 >- EtffCOB (f • c 

-jT^'^f^ 100 • 

Multiplying both terms by E^^^co&q): 

6.60Z- „ ,/- ElfCos^w-e 

E*,ff COB (pe ^ 5.50 Z ygp 

100 'a^ »■ 

The area of conductor is then found to be: 



or 



_ 5.50|V3 P, _ _940|P, 

— 2 2 o * 

E^ff cos^ (f • c Efff cos^ ip • e 



148. Three Phase Transmission Line. Economics.^ 

Let P = Output at generator end, in watts ; 

P^ = watts delivered, 

E^ = voltage at generator end, 

E^ -= voltage at receiving end, 

/ = effective current in each wire, 
R = total resistance of line (one way), 

/ = length of line, 

Q = specific resistance of conductor, 

k == relative loss, 
W = specific weight of conductor, 
A = conductor area, 

C = cost of conductor per unit weight, 

C^ = cost of posts, insulators, labor, etc., for transmission line, 
per unit length, 

* See foot-note of paragraph 146. 
MtOler, Hydroelectrlcal Engineering. Digitized by x^jOOQlC 
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d s« rate of depreciation, 
jfe := cost of a watt-year, and 
cos q) = power factor of load. 
The loss along the Une has for value : 

The annual cost of loss along the line is 

The cost of the transmission line is represented by : 

1{SW0A + C,). 
Depreciation is given by the expression 

dl{3WCA-\-C,). 
The problem consists in paaking a minimum the expression: 

Differentiating with respect to Ay and equating to zero, gives 

9 d WCE^^ cos^ cp — Kq P/ J.-« = . 
Solving with respect to A gives: 

3E^cos(p V dWC 
The relative loss is given by 

3 PR IR 



jfc = 



3 ^^/ cos cp-\-Z PR E^ cos <p + /J?* 



We have 



also 



SE^Icosqy and li= j 

A, 



A = 



(1-A) QlP, 



k 3^/cosV 
But P^ being known, we may write 

Pr = P,(l-k). 

Substituting for -4, its value in (1), gives: 



(1) 



from which 



A = 



z+^.cos^^y^ 

kP, 



WC 



^dWC 



/ + ^,COS^]/j/^ 



Considering that in a three phase transmission system, the area of 
each of the three wires is equal to one half the area used in an equivalent 
single phase system, the conductor cross section and economic loss may 
be derived directly from the expressions (3) and (4) (paragraph 145) sub- 
stituting f Z for iC in said expressions. 

Thus _ 1000 P^qI (\ — ny 



E^ n cos* (p 



(2) 
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4.c^e;+zk ^^^ 

in which the symbols are as in paragraph 153. 

If the receiving end is considered, equations (2) and (3) become 

^ = 10^'^^ (4) 

^/ncosV 

0.866 i/X ■ ^. 

149. Single Phase 'Transmission Line Calculations, Symbolic Method. 

In former paragraphs on transmission line calculations, condensive and 
inductive reactance effects have been neglected. It will be of interest to 
point these out and a practical problem is now presented. 

Let it be desired to transmit electric energy over an transmission 
line 100 miles in length. The current is to be single phase, and of a 
frequency of 60 cycles per second. The tension at the substation is to be 
110000 volts. The line wires are No. 000 B & S gauge, to be placed 96 
inches apart. The substation input is to be 30000 kilowatts: It is 
required to 

a) find the capacity and charging current, with no load. 

b) determine the resistance, inductcChce and inductive reactance. 

c) find the voltage at the power house for 110000 volts at the sub- 
station, where an inductive load of 30000 kilowatts with cos 9^ = 0.90 
will be utilized. 

d) find the same as indicated in (c) with cos 9? = 0.90, anti-inductive. 

The problem is solved as follows: 

a) The capacity between a conductor and the neutral plane is given 
on page 257. 

The diameter of No. 000 B & S wire is 0.41 inch. 

By substitution in said equation and remembering that 2D = [(96 X 2) 
— 0.20] we obtain 

38.6>:1U0 



1.45 microfarad.^ 



lO'log.o 



191.8 
6.4i 

The capacity between conductors will then be: 

1.45 



- = 0.73 m. f. = 0.000 000 73 farad. 



The condensive reactance is determined by 
1 1 



x^ = - 



271 fC 2 >c 3.14 X 6Q X 0.000000 73 
The value of the charging current at no load is 
2 71 /•C^_ 2x3.14x60x0.000000 73x110000 
10** ~~ 10 



= 3630 ohms: 



^c= t/^«— = ine = 6K}.6 amperes. 



^ All caloulations have been made by means of the slide rule. 
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It is to be noted that in this particular case and with cos 9? = 1, the 
charging current represents 11.1 per cent of the full load current. This 
percentage may be decreased to a certain extent by increasing the distance 
between the wires. 

b) The resistance of No. 000 B & S wire being 0.32649 ohms per mile, 
the total resistance will be: 

iJ = 0.32649x200 = 65.3 ohms. 

Inductance is calculated by means of the equation given on page 258; 
with proper substitution its value is: 



;. 0.161 
^=10^ 






= 0.00206 henry per mile. 



The inductive reactance for 100 miles of transmission line wire will be 
a;^ = 2 Ji /"L = 2 X 3.14 X 60 X 0.00206 X 100 = 77.6 ohms 
or 155.2 ohms for the whole circuit. 

c) For a clear understanding, the circuit as it actually is, has been 
represented in fig. 253. 









I \vvvww>^> IHIW IIIfr ' 



IL 



\ cbi ft'0.90 



■-vXvww>^> IHIW IIIfT" 

£ig. 253. 
The fundamental equations to be considered are: 

^.-^S Vl-'r^'\ ?2-^,- 

By proper substitution, we obtain the following: 

302 = -^—; 0.90 = 1^; 0.425 = f^ for (^25^10'. 
^i ^1 ^i 

Therefore: 

Z., = 365; i?3=-328; Xz2 = 155. 

Assuming the capacity to be in parallel with the load, the current 
circulating between A and B according to the. Kirchhoflf Law, will have 
the following value: 

lii = Vih + vJK + iqJ, "iq^h^ 

Substituting known values, we obtain 
L, = (0.90 X 302) + (0 X 30.3) + {j < 30.3) — ij s 0.425 X 302) 

= 272 — 98.1? 
134 = 289 amperes. 

Determination of power will be made as follows: 

^91 = P^ + Pa = 30,000,000 -f = 30,000,000 watts, 

P24 = ^U "< -^24 X cos 9:^04 

from which the power factor is obtained: 
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The impedance is represented by 

„ 110000 _. , 
^^"" 289"""" ^ 
Finally, the following relations are established: 

^i4 = P34 X -2-4 = 0-946 X 381 = 360 ohms, 
-^24 = ?3# X -Z.24 = 0.312 X 381 = 119 ohms. 
The circuit, which we have here considered can now be represen- 
ted in a simpler form, as is shown in fig. 254. 

It is a series circuit, the solution of which offers no difficulty: 
Zo = 65.30 + 360 — 1 19? — 776.0 ? 
Zq = 505 ohms. 
It will be remembered that Eq=^IqZq, so by substitution we obtain: 
^0 = 289x505 = 146000 volts. 



The regulation would now be 
146000—110000 



110000 
which is higher than practice would allow 



0.327 or 32.7 «/ 



>{9} 









'U 



J 






■^ mimiiMfi *- 






1^: 



302 
3¥9 



%^-f7^5 



Fig. 254. 



Fig. 255. 



d) For anti-inductive load, we have the following: 

/24 =Pi^o +P4 ^4 +??4 A +?33^tJ 

= 272 + 30.3; + 128.4 j 
734 = 315 amperes. 



As before, 
from which 

Therefore 

Finally^ 



P^^ = 30,000,000 watts and 

-^24 = ^•>4 >- -^34 X COS 9?aj 



cos 7^24 = 



30000000 



Zu = 



315x: 110000 
110000 



= 0.866 



(9>,, = 30«) 



315 



349 ohms. 



^94 = Pa ^94 = 0.866 X 349 = 302 

-3^24 = ?-4 ^24 = 0.500 X 349 = 174.5. 
The circuit may be laid out as per fig. 255. 
We come to the final values: 

Zo = 65.3 + 302 + 174.5 j ~ 155.2 j 
= 367.3 + 19.3? 

Z«=^ 414 ohms. 
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Now, as Eq = IqZq, we have that 

jj;q = 315x414 = 130000 volts. 
The regulation in this case would be 
130000 — 110000 



110000 



0.1725 or 17.25 ^/n 



It is believed that' the foregoing problem is fairly illustrative of con- 
ditions which can be met with in practice. It may be noted, however, 
that for simplicity in calculations, the capacity of the line has been 
assumed in parallel with the load and at the load. For refined results, 
the capacity is considered fts distributed along the line. Naturally, in a 
commercial proposition, the neutralizing effect of capacity and inductance 
would be considered at the same time, and ^ the regulation would be 
greatly improved. 

The symbolic method may also be applied in the following way for 
the solution of single phase transmission line problems.^ 

Suppose a transmission line of impedance z = r -{- j x ^deliveTa power 
to a receiver circuit of admittance Y = g — jb at a constant voltage E. 
If the capacity of the line is assumed concentrated at the middle, determine 
the charging current of the line, the total current delivered by the generator 
and the terminal volts of the generator. 



2 



r4=2'r 



r 
2 



2 






Fig. 256. 



The circuit may be laid out diagramatically as per Fig. 256. 
The condensive susceptance is " 

and is represented as a condenser across the line. 
The current in the receiver circuit is 

I=E{g-jh) 
and the e. m. f. at the center of the line is 

The charging current of the line is 

and the current at the generator is 

/, = / + /. = 4'[y-/6 + 7A{^^-(fl'-76)}j (1) 

The terminal e. m. f. of the generator is 

* Clarence V. Christie. Electrical Engineering — Page 512. 
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= E[\+{f + jx){g-jb-\-j^^-{-j\{r-^jxf{3-jh)] (2) 

In the case of lines of small capacity, the last term may be neglected 
and equation (2) becomes 

^, = J??[l.+ (r + ya;)(y-/6 + ?|)] .... .(3) 
This is equivalent to replacing the capacity susceptance h^ at the 
center of 'the line by a condenser of susceptance -^ at the receiver end of 
the line. 

160. Three-Phase Transmission Line Calculations, Symbolic Method. 

The electric energy to be received at the substation will consist of 
30000 K.V. A. three-phase current at 60 cycles per second. 

The tension at the substation is to be 110000 volts. The line wires 
are N** 4-0 B. & S. gauge, to be placed 96 inches apart. The power factor 
at the substation is to be 0089? = 0.90: 

a) find the capacity and charging current at no load (cos 99= 1). 

b) determine the resistance, inductance and inductive reactance. 

c) find the resistance and reactance drops in each conductor. 

d) find the capacity susceptance of each conductor to neutral, assumed 
concentrated at the middle of line; find also tiie load admittance, load 
conductance and load susceptance per phase. 

e) determine the voltage, current and power factor at the generating 
station. 




Fig. 257. 



The circuit will be laid out as per fig. 257. It is to be remembered that 

e = ^-^l£-«<> = 63600 volt 
V3 

and the load current per conductor has the following value 

J 30,000,000 ,,^ 

I = -- = 158 amperes. 

V 3x110000 

The problem is then solved as follows: 



Digitized by 



Qoo^z 



280 Tranemission Lines. 

a) The equation for capacity between a conductor and the neutral 
plane is given on page 257. 

The diameter of N^ 4-0 B. & S. wire being 0.46 inch, by substitution 

in said equation, and considering that 2 D = [(96x2) — 0.23J = 191.77 

inches, we obtain 

^ 38.6x100 , ,n ' , ji 
C= ^ = 1.47 microfarad. 

The condensive reactance between a conductor and the neutral is 
1 10* 

^' = 2-nfC - 2 >< 3.14 X CO-X 1.47 = ^^^^ "^"- 



The value of the charging current at no load is 
J 2nfCe 2 X 3. 1 4 X 60 X 63 600 X 1 .47 



35.3 amperes. 



IQl 8 11 
2 log, -~ + ^1 = 0.00202 henry per mile. 



10« 10* 

b) The resistance of N*^ 4-0 B. & S. (Mathiessen Standard) wire is 
0.2667 ohms per mile. The total resistance will be 

R --= 0.2667 X 100 = 26.67 ohms. 
The inductance will be found to be 
^_0J61 
~" 103 
The inductive reactance for 100 miles will be 

Xx -- 2 .T /'L = 2 X 3.14 X 60 x 0.00202 x 100 -= 76.3 ohms. 

c) The resistance drop in each conductor will be 

/ iJ = 158 X 26.67 = 4220 volts = ^^f^^^^^ = 6.64^0. 

The reactance drop per conductor will be 

/Zi= 158x76.3= 12050 yolts = ^^^^^^^^ = 19^!,. 

" V3 

Assume the resistance drop in the step-up and step-down transformer 

as being g^/o each* then the total resistance per line wouid be: 6.64 -f| 

+ 2 = 7.74^/0 and the equivalent resistance would represent 

^, 26.67 x7.74 ^^ ^ , 

B = -r/.^ = Sl.l ohms. 

b.b4 

Doing the similar operation for a 4^© reactance drop per transformer, 
we would obtain 

Reactance drop per line = 19 + 4 4-4 = 27®/o. 
The equivalent reactance per line i^ 

Y 76.3x27 ^^Q . 
-X,2i=- .^ = 108 ohms. 

d) The capacity susceptance per line, assumed concentrated at the 
middle is 



'-x- = tL- '■''''''■ 
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The load admittance per phase is 

The load conductance per phase is as follows: 

g = ~co3(p = Ycos(p = 0.0025 X 0.90 = 0.002 25 . 
The load susceptance per phase is: 

6 = - sin <^ = r sin ^ = 0.0025 x 0.436 = 0.001 09 . 
The circuit is then laid out as per fig. (258). 






^h^'aooosss 



Y'0.0025 



^Hypofheficat Neufraf 
Fig. 258. 



?,-? 



1 + (31.1 + 108/) (0.00225 — 0.001 097 + * 



e) Now the voltage between the^ine and neutral at the generating 
station is indicated by equation 3 page 279, which, by proper substitution 
gives: 

0.000 555y 

c^ = e [1.197 + 0.240 j\ = -^?i^- vul? +'0:24' = 80500 volts; 

V 3 

therefore E^ = 80500 X V 3 = 139200 volts. 

The angle of lead over the terminal voltage is 

f) The current per conductor at the generating fetation is given by 
equation 1 page 278. 

By proper substitution 

/^=,e [0.00225 — 0.0010 7] 

= 110000 y f^ 25^ O-OOTO' = 157 amperes. 
The current lags behind the terminal e. m.f. by an angle 

•^ -**'' 0.00225"^^ ^^ 
and finally, the current lags behind the generator voltage by an angle 
?'^ = 9/' + 9'"=ll"20' + 23«55' = 35"'15' 
cos 95j, = 0.82. 

The copper loss in the three wires has the following value: 



3 [// -f /»] ^ = 3 [l57 * + 158 *J X 15.6 = 2320 Kw. 
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or in per cent 



2320x100 



30000x0.82 



= 9.45^/o 



This loss would be increased about l°/odue to the iron losses in the 
transformers, so that the total loss would be IOAS^Iq, In other words, 
the efficiency of the transmission line would be 100 — 10.45 = 89.55®/o. 

The regulation is given as follows: 

(139 200-110000) 

110000 X 100- 26.6 /o 

which is bad regulation, considered from a practical point of view. 

If a commercial problem were here to be considered, a value of re- 
gulation not exceeding 10®/© would be substituted in the last expression, 
and the corresponding value of Eq would first be determined. Upon this 
basis, the proper value of if, and appropiate size and spacing of wires 
would have to be determined. 



151. Transmission Line Insulators. 

The prime qualities of good insulators are: 

1. — ^That they possess surfaces to which the rain cannot well get 
access, thus offering increased efficiency in stormy weather; 

2. — That dust cannot collect in some protected place where it could 
not be dislodged by the mnd; 

3. — ^That they possess a mechanical resistance such that they can resist 
all the strains of the transmission line; and 

4. — ^That no difficulty be encountered in their manufacture. 

In his study of high voltage insulators, M. Friese established the follow- 
ing efficiency relations: 

Calling: 

insulating value under rain 



jB = 



insulating value under dry condition 
iasulating value under rain 



weight of the insulator 

Then -4 X jB = insulating value. 

Having tested comparatively the efficiency of a German insulator of the 
Hermsdorf Delta Glocke type and an American insulator that had practi- 
cally the same value for u4, M. Friese observed the following results: 

Table LXI. 



Efficiency 

under rain 

Volts 



Efficiency 
dry 
VolU 



Weight 
Grftmt 



Insal. 
value 



Area of 
top shell 
Squ. cm. 



Height 



German Delta Glocke 
American Insulator 



49,000 
49,000 



93,000 
93,000 



2125 
2910 



0.53 
0.53 



23 ! 

16.8 



12 
9 



240 
325 



19.5 
23.0 



From table LXI, it is noted that an insulator of the German type, 
weighing 4.7 lbs., having a diamet-er of 7 inches, and being 7| inches high, 
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has nearly the same insulating value as an American insulator weighing 
6.4 lbs., having a diameter of 8 inches and being 9 in. high. 

These tests show that the Delta Glocke type of insulator is most effi- 
cient and as such is extensively used in Europe. This type has been manu- 
factured up to 12 inches diameter, and it has the peculiarity of having, 
but one thickness of porcelain between the line and the pin. 

The underhanging insulator was designed as a result of £he advan- 
tages of the Delta Glocke type. In designing underhung insulators, it is 
necessary to consider that they must be so constructed that in case the 
insulator is destroyed, the line will not fall to the ground. 

M. K. Kuhlmann recommends using as low as possible an electric 
elementary capacity per unit of length, in. order to eliminate the radiation 
and creeping sparks occurring in high tension 
line insulators, as it is well known that in alter- 
nating current transmission lines, and consider- 
ing the capacity with regard to the ground, the 
insulation of a live line is inferior to the insu- 
lation of a dead line. According to M. Friese, 
the phenomenon of discharge at the rim of the 
lower shell is due to the fact that when the 
surface is wet, the upper shell proves to be a con- 
ductor, and the water running along the rim is 
at the same potential as the line, and thereby is 
attracted to the pin, which is at another potential. 
It has also been remarked that the wind blowing 
horizontally helps said attraction by driving the 
water horizontally; cases have been observed 
that creeping sparks occur at a lower voltage 
for a wind driven rain dropping horizontally, 
than for rain faUing vertically. Fig. 259 illustra- 
tes a protective device for transmission line insu- 
lators. The Semenza type of insulator is no- 
table on account of its umbrella like top shell, 
the object of which is to prevent the rain from 
having any effect; the transmission line is also 
fastened close to the foot of the insulator, thereby reducing the moment 
of rupture to a minimum. Such insulators have been tested at 110,000 
volts under a rain of 47 inches depth in one hour. The advantages of this 
kind of insulator consist in that part of transmission line in contact with 
the insulator is not exposed to the rain, on account of its imibrella Uke 
top shell. 

Mr. A. S. Watts, in his interesting study of insulators, has come to the 
conclusion that a larger insulator does not possess proportionately increased 
efficiency. If application could be made of the relation of increased dimen- 
sion with increase in the electro-motive force of the transmission line, all 
insulators would possess the same relative proportions. It is clear however, 
that the mechanical considerations must be taken into account for low vol- 
tages, that manufacturing difficulties do suggest changes in the larger sizes, 
and finally, that the fundamental factor, that is to say the cost of each 
insulating unit determines limit of weight per insulator. 




Fig. 259. 
Nicholson Arcing Ring. 
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a. 

6600 volts. 1 lb. 




13000 volte. 2V2 lbs. 




18000 volts. 3 lbs. 





e. d. 

40000 volts. BVslbp. 27000 volts. 4V2 lbs. 




50000 volts. 21 lbs. 




70000 volts. 42 "2 lbs. 



60000 volts. 22»/4lbs. 



Fig. 260. 
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\ 



dJ 




Brown Bovery 
Insulator. 



^ 



Porzellanfabrik 
Insulator. 




Suspension-Insulator Unit. 




d. 

Insulator for 60 000- volt used on the 

Kern River Transmission System. 




A^^t^ 




Fig. 261. 
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Fig. 262. Application of Cooke Strain Insu^atori:. 
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Fig. 263. Strain Insulator, German Type, 110,000 volt Transmist ion. 



azzcs — 



Fig. 264. Diagram of Anchor Insulators. 
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Fig. 265. Strain Insulator. 
German Type. 
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M. Watts classifies the insulators into two categories: 

a) those constructed" with the idea that they shall possess enough 
dry surface at all times to provide the necessary insulation; and 

b) those constructed upon the principle that porcelain surfaces, even 
when damp, possess a certain insulating value, and if enough distance is 
provided the required insulation is secured. 

It would appear that a pin type insulator, without petticoats, but con- 
taining surface corrugations, is the most practical solution of the insulator 
problem. According to M. Watts, the weight should vary at a rate only 
slightly greater than the change in electro-motive force. The advantages 
in this suggested type are the following: 

1. — It is not so heavy as the ordinary type of high voltage insulator; 

2. — It can be handled with much less danger of breakage in con- 
struction ; 

3. — In case of lightning, it has no extending shells to be broken by 
the shock; and 

4. — In the case of rain, its exposed surface is low as compared with 
most high voltage insulators. 

A number of different types of insulators are shown in figs. 260 and 
261. Strain Insulators which are placed at the beginning and end of trans- 
mission lines and sharp bends are illustrated in figs. 262 — 265. 



152. Guard Wires on Transmission Lines. 

Disturbances which may arise in transmission lines, such as are due 
to atmospheric conditions, are best taken care of by placing a ground 
along and above the line itself. This is accomplished by placing a guard 
wire with taps to the ground, preferably every two or three poles. On 
metallic poles, the ground wires are generally connected to the structure, 
in order to discharge to ground with the least effect upon the system. 

Dr. Steinmetz says: "To protect a transmission line by overhead 
ground wires, however, it is essential that the line be within the protective 
zone of the wires, that is, within the space enclosed by an angle of 46 de- 
grees or preferably 60 degrees from the ground wires downward." 

**Barbed wire, by reason of its more rapid action, is more effective 
than ordinary wire against some kinds of atmospheric disturbances; for 
example, electro-static charges picked up from drifting rain or fog; while 
with other disturbances it offers no superiority over plain wire." 

*'The conductivity of the ground wire is of considerable importance. 
For the purpose of bringing ground or zero potential up to a point above 
the transmission line, and thereby lowering the electro-static potential 
of the space in which the transmission line is located, the size of the ground 
wire is obviously immaterial but high conductivity of the ground wire is 
of importance in protecting the transmission line from the inductive effects 
(electro-magnetic or electro-static) of oscillating, or sudden, atmospheric 
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discharges, such as lightning flashes; and also in protecting the stations 
in case of a direct stroke of lightning reaching the line, by its dampening 
effect as a grounded secondary conductor." 

"Inasmuch however, as a system of overhead ground wires cannot 
be a complete enclosing shell of perfect conductivity, its protective effect, 
however great, cannot be quite complete, therefore protective devices have 
to be installed at the stations as safe-guards against the entrance of the 
lightning from the line." 

The factors influencing the protection offered by guard wires are their 
inductance and specific ohmic resistance. Inductance creates a condition 
of self-induction, known as the skin effect, and therefore the specific resi- 
stance of the rim of the wire is of great importance. The width of the 
effective ring produced by the skin effect is affected by the frequency and 
the magnetic permeability of the material used. The galvanized guaxd 
wires which are often used are very effective, as the thin coating of zinc 
offers the qualities of a non-magnetic shell. As stated before, grounds 
should be located at close intervals ; they give the best protection against 
atmospheric discharges and have a tendency to dampen high frequency 
surges in the transmission line itself. 

153. Wooden Polea Mechanical Aspects. 

Transmission lines running through, or in close proximity to, a forest 
district, may be carried on wooden poles, because of their cheapness as far 
as first cost is concerned. Compared with the other types, as their life is 
short, and as the pole line must be as permanent as possible, steel or 
concrete is to be preferred when possible. Experience shows that cedar 
is the best wood for poles; in the South, yellow pine is the wood generally 
employed, whereas in the middle West, the so-called Norway pine is chiefly 
used. In general, it may be said that the most durable timber for poles is 
furnished by coniferous woods from poor soils and dense forests. 




Log or Plonk L- 





The most common sizes in use are 30 to 45 ft. in length as the high 
tension conductors should not be less than 20 ft. above the ground. 

The standard spacings are shown in table LXII. The depth of setting 
varies with the character of the soil, table LXIII representing what may be 
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called the standard. In any case, the hole should be large enough to leave 
6 inches marginal space, so that tamping may be done efficiently. 



Table LXII. 



No. of 
Conductors 



Size of 
Conductor 



Dia. of pole 


Pole spacing 


No. of poles 


top 
indies 


ft. 


per mile 


7 


150 


35 


7 


150 


35 


8 


.125 


42 


8 


110 


48 


9 


100 


53 


10 


80 


66 



No. 6—1 

n 6-1 

„ 0—0000 
^ 0-0000 

250,000 0. m. 

250,000 0. m. 



Table LXIII. 



Length of pole 


Depth in ground 


Length of pole 


Depth in ground 


feet 


feet 


feet 


feet 


25 


5.0 


55 


7.5 


30 


5.5 


60 


8.0 


35 


5.5 


65 


8.5 


40 


6.0 


70 


9.0 


45 


6.5 


75 


9.5 


50 


7.0 


80 


10.0 



If poles are set in solid rock, the setting is to be 2 ft. less than that 
shown in table LXIII, and in this case also, a margin should be left in order 
that pieces of rock may be wedged securely 
around the pole. When marshy land is en- 
countered, the most reliable way to secure a 
pole consists in bolting cross timbers. In 
many cases it will be found practical to 
build a rigid concrete foundation. Guying 
of poles should be done before stringing 
the conductors, and when guying is found 
to be inconvenient in some cases, bracing is 
resorted to. (Fig. 266). 





■^^ 



Fig. 267. 



Fig. 268. 



Cross-arms are generally made of 

a) Long leaf yellow pine, 

b) Oregon or Washington fir, or 

c) Cedar, Cypress, White Pine. 

Mailer, Hyd reelect rlcal Engineering. 
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Table LXIV. Single three-phase transmission, fig. 271. No ground wire. 



Line voltage 



Length of 


A 


B' 


C 


arm, ft. 


inches 


3 


4 


l'^2" 


2'-6" 


4 


4 


l'-8" 


3'-0" 


5 


6 


2'~0" 


3'— 6" 


6 


6 


2'-6" 


4'— 6" 


6 


6 


2'— 6" 


4'— 6" 


7 


6 


3'-0" 


5'-0" 



Spacing of 
Conductor 



2300—6600 incl. 
10,000—20,000 „ 
20,000—30,000 „ 
30,000—40,000 „ 
40,000— 50,000 » „ 
50,000— 60,000 » „ 

^ Steel towers are generally used for thes^ voltages. 



2'-4" 
3'— 4" 
4'— 0" 
5'— 0" 
5'— 0" 
6'-0" 






Fig. 269. 

Table LXV, 

Ttvin three-phase transmission, fig. 278. With or without ground wire. 
In the figure, F is without ground wire, G is with ground wire. 



Line voltage 


Length 
of upper 
arm, ft. 


Length 

of lower A B 
arm, ft. 


C 


D 


E 


F 


G 


H 


2300—6600 incl. 
10,000—20,000 „ 
20,000—30,000 „ 
30,000—40,000 „ 


7 

8 

10 

12 


5 
5 
6 

7 


4" ll'-6" 
4" !2'-0" 
6" ,2'— 6" 
6" |3'— 0" 


l'-8" 
1'— 8" 
2'-0" 
2'— 6" 


4" 
4" 
6" 
6" 


2'— 2" 
2'-2" 
2'- 6" 
3'-0" 


8" 

8" 

10" 

10" 


4'-0" 
5'-0" 
5'- 6" 
5'- 6" 


2'-0" 
2'— 0" 
2'— 6" 
3'-0" 







The length of cross arms may be determined from 
tables^ LXIV and LXV and they should be protected 
by strap iron guards (fig. 267 and 268) for the pur- 
pose of preventing their burning if the live con- 
ductor should fall upon them. 



* General Electric Co. 



^ 



Fig. 270. Chicago Edison. 
Method of Grounding 
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Fig. 271. 



Fig. 272. 
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Frames for heavy strain terminals are shown in fig. 269. 

The grounding of a pole must be made with special regard to per- 
manent moisture; the method of groimding of the Chicago Edison being 
illustrated in fig. 270. 

The stresses in a wooden pole of 
uniform cross section may be deter- 
mined by the following formula 



M = 






in which 

M = bending moment, 
R = radius of section at ground 

level, 
S = strength of wood per sq. inch, 

and 
H = height above ground of applied 

force. 

164. Wooden Pole Preservation. 

A wooden pole transmission line 
is undoubtedly the cheapest in first 
cost, but not so far as maintenance 
and depreciation are concerned. Steel 
tower transmission lines may last about 
30 years whereas wooden poles used 
instead last only 12 years as an average. 
The life of such a pole varies with 
the different kinds and character of 
wood. Preservative methods are there- 
fore resorted to in order to prolong 
their usefulness. It has nearly always 
been thought that the preservative 
medium should contain a germicidal or 
antiseptic element, but it has been ob- 
served lately that the so-called house 
fungus, being the most powerful destructive agent of wooden poles, can be 
prevented from thriving by the elimination of air and moisture, the life of 
poles attacked by these parasitic fungi being limited to from two to fourteen 
years. The new conception of preservation is the crude oil treatment. 
This method consists in first seasoning the wood by the direct application 
of steam, admitted in the treating cylinder into which the poles have been 
placed in large number, the temperature being maintained to about 250** 
Fahr. for from 6 to 20 hours. Then the steam is allowed to escape, and a 
vacuum is created in the cylinder, forcing the sap of the poles to flow 
outwards. After this has been completely removed, crude oil is admitted into 
the tank, which, when filled, is subjected to hydrostatic pressure until the 
lumber has absorbed the specified amount of oil. The success of the treat- 
ment depends upon the thorough impregnation of the sap wood with all 
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Method of Strengthening Comer Pole. 
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the oil that it is possible to force into it. There are also other liquids used 
to prolong the life of wooden poles, the method of application being about 
the same as the crude oil process. Copper sulphate and zinc chloride have 
been used to some extent but their success has been limited. Bichloride of 
mercury is a much more powerful agent, and in some cases has given even 
better results than those obtained by the use of creosote oils. Sodium 
fluoride and zinc fluoride have also been used successfully. Impregnation 
with tar is the best preventative from the fungi. 

The average life of poles for different impregnating materials has been 
given by the Imperial German Postal Department, to be as follows : 

Zinc chloride 12 years 

Copper sulphate (blue vitriol) . .' 14 „ 

Corrosive sublimtfte 17 „ 

Tar oil 22 „ 

These figures show that impregnation with tar oil is most advanta- 
geous. 

White cedar is the best material for poles on account of its comparative 
durabiUty in contact with the soil. Such poles are lasting from 18 to 20 
years in ordinary soil without treatment. A 20 ft. pole is set from 3.6 to 
4 feet in the ground, and the depth of the setting varies with the length of 
the pole : a 5 feet setting for 35 ft. poles and a 7.5 ft. setting for 80 ft. poles. 

Where the soil is subject to sudden alternations of dampness and dry- 
ness, the decay is occasioned at a greater rate. If cut in winter and seasoned 
immediately, wooden poles last longer ]than if they are cut in summer. 

155- Steel Towers. Flexible Towel's. 

As is the case with most modem generating plants, the electric energy 
is transported over considerable distances, a problem that is solved by the 
conveyance of such energy under high voltages. The security of the trans- 
mission line is therefore the most vital part of the system, and great care 
must be exercised in order to eliminate danger to Ufe, minimize fire risks, 
and prevent the possibihty of shut downs due to mechanical failure of the 
concerned parts. In all cases it must be considered that any important 
transmission line is to be built with an idea of permanency. The me- 
chanical part of a transmission Une then consists in the economical design 
of the tower or supports, with the idea of maximum security. 

The use of steel towers is resorted to for several reasons: the rise in 
the price of wooden poles, the reduction in the price of structural steel; 
steel towers may be* built to greater heights than would be reached by 
wooden poles, with an increase in security, increase in span, and better 
economies. 

The design of steel towers for transmission lines presents many diffi- 
culties, or rather, compUcations. As their chief advantage Ues in their use 
in long spans, yet, it is obvious that long spans introduce other difficulties 
consisting in possible breaks due to emergency loads caused by wind, sleet, 
temperature, etc. ; but then also longer spans have their advantages ;-a reduc- 
tion in the nimiber of insulators and the resultant decrease in chances of 
a break-down. Economical towers are best secured by reducing the height 
as much as conditions will permit. In fact, the cost of a steel tower, accord- 
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ing to M. Scholes, varies about as the cube of the height for a given design, 
and as the questions of sag and strength of conductors are of prime impor- 
tance and determine the height of towers, the conductors must be drawn 

to their maximum pos- 
sible tension, a result 
that is attained by 
the use of hard drawn 
copper and aluminum 
of high elastic limit. 
Naturally, such higl^ 
working stresses exact 
new precautions in 
respect to the design 
of joint cross arms 
and insuli^tors. Long 
spans allow vibrations 
of the conductor, ne- 
cessitating the use of 
flexible insulators, a 
matter that is arranged 
by the use of a sus- 
pension insulator. This 
type offers many ad- 
type of insulator.- The 




h ^ 






Section at Collar 
and Spreader. 



Fig. 274. 30 ft. Tripartite Steel 
Transmission Pole. 
Franklin Steel Co. 



vantages over the pin 

latter ia used for tensions reaching 60,000 volts, 
but practice has shown that, above this voltage, 
the cost of pin insulators increases as tl\p cube 
of increase in voltage, and further as they in- 
crease in length they impose torsional strains, 
thereby affecting the strength of cross-arms. The 
suspension type of insulator is flexible, and al- 
though it requires a tower higher than the one 
that would be required for the corresponding pin 
insulator, it eliminates Ihe possibiUty of torsion 
on the arms and head of the tower. The early 
observation that the be&t transmission line is the 
one which possesses greatest elasticity, resulted in 
the design of flexible towers. As a matter of fact, 
rigid towers necessitate the use of many light 
parts liable to deteriorate rapidly by corrosion. A 
less compUcated design, using heavier parts, does 
not only last longer but also costs less to main- 
tain, Italian engineers were the first to recognize 
these advantages, and the result of these ob- 
servations were embodied in the Semenza type 
of flexible tower. One of its advantages consists 
in the fact that in case of wire breakage, the im- 
pact is absorbed into a flexible system, whereas in 
the case of rigid towers, the impact met by a rigid 
body results in damages from recoil. A flexible 
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Fig. 275. 40-foot Transmission Tower, Neoaza, Mexico. Similar Type of Tower is used 
in the 80,000-volt Transmission Line between Rio das Lages and Rio de Janeiro of the 
Rio de Janeiro Tramway, Light and Power Company, Brazil. 



Digitized by 



Google 




i. 

Fig. 



276. Type of Tower of tbe 
Amherst Power Co. 



10,000 vultji 

Traiismiy^itii^ Tower 

Laui^ih&mmer. 

German V. 



Fig. 277. Intermediate Tower. 



Fig. 278. Straight Tower. 




Fig. 279. Type of 35,000-volt 

Tower with Brackets for Guard, 

Heimbach Plant, Germany. 
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tower does not necessarily mean a tower that is flexible in all directions : it 
is flexible only in the direction of the line and rigid sideways and vertically; 
Such structures consist of two upright members, cross-braced and supplied 

^ I with Dros^-arm8 strong enough to trransmit the 

^ \ M maximum wire stresses to the t<Dwer itself. The 

^"^ ■*■" ^ be«t method of transmission line design con- 

sists in placing at regular intervals along a 
flexible tower line, a double guyed structure, 








Fig. 281. Detail of 45-Foot Angle 
Iron Tower at SyracuEe, N. Y. 



Fig. 282. Cantilever Ck)n8truction of 27,000-volt 
Transmission Tower, Obermatt-Luceme, Switzerland. 



or a dead-end tower. These are preferably placed approximately every 
mile, and should be designed strong enough to stand any strain likely 
to occur on the line. In cases of rupture the stresses will be dampened to 
some extent by the flexible system and the excess will be in a degree trans- 
mitted to the dead-end towers. 
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Steel poles are also used for light transmission lines instead of wooden 
poles, allowing spans of 300 feet. The advantages of steel poles are similar to 
those of flexible towers, but precautions should be taken in their foundations. 
They should be concreted into the ground, a method that is recommendable 
for towers as well; the structure is thereby greatly strengthened, and cor- 
rosion reduced to a minimum. 

A peculiar and very successful pole, known as the "Tripartite" pole, 
fig. 274, has been recently developed, is of a very simple construction, 

and radically different in de- 
sign from any pole hitherto 
employed. These poles are set 
in concrete to a depth equal 
to one tenth the entire length 
of the pole, and this an 
chorage has been found suf- 
ficient by repeated tests, to 
withstand a horizontal strain 
equal to the strength of the 
pole itself. They have been 





Fig. 283. Royal Trollhattan Canal Tower. 



Fig. 284. Two-Legged 37- Foot Trans- 
mission Tower, Used in Switzerland 
and Italy. 
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used by the U. S. Government for a 40,000 volt transmission line in Arizona, 
the height of the pole extending 55 feet above the ground. 



^^^ 






F j> 11 




Fig. 285. Two Circuit Tower, "Duluth" Type, Riter-Conley Mfg. Co. 

The design of transmission towers, is a work incumbent upon structural 
engineers, and the attention of those interested is drawn to the illustra- 
tions, figs. 275 to 286, in which there will be found considerable infor- 
mation regarding general design and detail of construction. 
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156. Conditions governing Tower Design. 

In order to properly design towers for high tension transmission lines - 
the following conditions must be considered: 
Location of the line, 
Length of the transmission Une, 
Proposed voltage, 
Size and material of conductors, 
Number of circuits. 
Number of conductors to each circuit, 
Type of insulators. 

Minimum clearance between lowest sag of wire and ground, 
Minimum and maximum temperature, 
Minimum wind velocity, 

Number, size, and material of telephone wires. 
Number size and material of ground wires. 

167. Durability of Steel Towers. 

With the rapid increase in the use of steel towers for transmission 
lines, and the experienced rapid corrosion due to climatic and electro- 
lytic causes, the problem of preserving such structures htis become a very 
serious one. 

Steel towers in general, are attacked at the base and more especially 
at the exposed joints, the rivets being very susceptible to rapid corrosion. 
To preserve these in good condition, they must be thoroughly galvanized 
and well protected by paint. It is needless to remark that an "ideal" tower 
should unite the following qualities: 

Indefinite duration, 

Fireproofness, 

Reduced cost of maintenance, 

Reasonable Ughtness, 

Flexibility within safe Umits, and a 

Relatively low cost. 
"American engineers", says the Electrical World, "have been in the 
habit of making extreme and needless requirements of stiffness in the 
towers, some going so far as to assume the simultaneous breaking of all the 
wires supported when under the heaviest possible load (an accident which 
has been practically unheard of in the history of pole lines), as the criterion 
of suitable strength. On top of such absurd requirements for load, they 
have demanded stiffness instead of encouraging the flexibiUty, which re- 
lieves the strains due to the line by flexure, within the elastic limit, and 
have still further insisted on cheapness as a final virtue. Now a structure 
at once needlessly stiff, needlessly strong and very cheap is not easy to 
design, and in attempting economy of material to meet the last requirements 
the tendency has been toward somewhat intricate tower structures made 
of material altogether too thin for sound construction. It is this Ught 
construction, with innumerable joints and rivets, that is Ukely to lead to 
trouble from corrosion. 

"A line that is to be a permanent investment is worth putting up well, 
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and should be designed as an engineering structure with permanence in 
view; otherwise the economy of steel tower construction is likely to be 
forfeited through unexpected, brevity of Ufe. A steel tower line designed 
to stand any practical strain, to yield and relieve abnormal strains, as in 
the Semenza type used in Italy and now being introduced here, and to last 

for a long term of 
years, can easily be 
secured by intelligent 
engineering. The next 
thing is so to care for 
it that it will not go 
out of service from lo- 
cal corrosion, which is 
likely to be the fate 
of a very large pro- 
portion of steel towers 
now in use. It is not 
only necessary that the 
steel be well galvan- 
ized, but that it should 
be well protected by 
paint , especially for 
the purpose of keeping 
the weather out of 
riveted joints , and 
should be inspected 
and repainted as con- 
scientiously as if the^ 
line were a wooden 
one to be watched for 
incipient rotting. With 
such precautions car- 
ried out there is every 
reason to believe that 
a steel pole Une will 
give a useful life of a 
half century or more. 
If, on the other hand, 
a line is built of extre- 
mely Ught towers de- 
signed to meet the 
fanciful requirements 
of stiffness while eco- 
nomizing material to the last possible degree they are likely to be of material 
far too light to permit even moderate corrosion without disastrous results ; 
and such < a line, put up with implicit trust, with indifferent galvanizing, and 
seldom painted and inspected is more than likely to suddenly fail before it 
has been in service many years, and to become a continual source of anxiety 
and annoyance, particularly since thin sections of steel may be dangerously 
corroded without showing the injury except on very careful inspection." 
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Two circuit Tower, "Juniata" Type, 
Riter Conley Mfg. Co. 
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158. Standard Specifications for Galvanized Steel Poles \ 

Each pole shall be constructed in accordance with the general draw- 
ings giving the following dimensions. The height of pole from top to 
bottom, including the stub ends, shall be 82' — 3''. 

The stub ends shall be designed so that the same shall be embedded 
in the ground 6 ft. The pole shall have three (3) cross-arms; the bottom 
of the lowest cross-arm shall be 51' - 2" above the ground; the bottom 
of the second cross-arm shall be 10 ft. above ,the lowest cross-arm ; the 
third cross-arm shall be 10 ft. above the second cross-arm; the extreme . 
top of the pole shall be 5' — T' above the bottom of the highest cross-arm. 
The two top cross-arms shall be of such length that the feed wires shall 
be 17'— 1" from each other in horizontal plane. The lowest cross-arm 
shall be of such length that the feed wires shall be 18' — 1" apart, measured 
in a horizontal plane. The comer legs of the tower shall measure 17 feet 
apart at the ground level, on all four (4) sides. 

The pole shall be capable of standing the following tests, when tested 
in a vertical position on an immovable foundation : a simultaneous horizon- 
tal pull of 1000 lbs. at the top and 2500 lbs. at each of the three (3) 
cross-arms; or in other words a total strain of 8500 lbs. The cross-arms 
shall carry at each suspension point a weight of 1000 lbs. Any one of 
the cross-arms to carry at one of its ends a horizontal pull along the line 
of 3000 lbs. The poles shall carry the above loads without serious per- 
manent deflection of any of the members. All tests, inspection and accep- 
tance of the finished poles must be made at the point of manufacture be- 
fore shipment. 

The pole shall consist of stub ends, pole proper with all of its bracing, 
steel cross-arms, and the necessary bolts for erection in the field. When 
the suspended form of insulators is used, a plate with a hole shall be pro- 
vided at the end of the cross-arm for hanging insulators. When pin insu- 
latorfe are used, holes shall be provided in the top flange of the cross-arm 
for securing the same. No insulators, nor wires, nor other material is to be 
included. The pole is to be constructed entirely of open hearth medium 
steel of the following specifications : 

Ultimate strength 60,000 to 70,000 pounds per square inch; 
Elastic limit not less than one half the ultimate; 

T> ^ r 1 .. 1,400,000 

Percentage of elongation = -rn t — j.— — rr- 

° ° ultimate strength 

Bending test, 180 degrees to a diameter equal to the thickness of piece 
tested, without fracture on outside of bent portion. For each decrease of 
1/16" in thickness below 5/16", a deduction of 2| per cent shall be made 
from the specified elongation. In rounds of 5/8" or less in diameter, the 
elongation shall be measured in a length equal to eight (8) times the dia- 
meter of the section tested. 

All tests and inspection of steel shall be made at the rolling mills prior 
to shipment. 

* Milliken Bros., New York. 
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The tensile strength, limit of elasticity and ductility shall be deter- 
mined from a standard test piece cut from the finished material, in accor- 
dance with the American Manufacturers' standards. 

Two test pieces shall be taken from each melt or blow of finished ma- 
terial, one for tension and one for bending, but in case either test develops 
flaws, or the tensile piece breaks outside of the middle third of its gauged 
length, it may be discarded and another test piece substituted therefore. 

All finished bars shall be free from injurious seams, flaws or craks, 
and have a workmanlike finish. 

All pieces must be finished straight and true in the shops must be 
carefully cut to length, and punched so that the pole can be put together 
without unnecessarily straining or. distorting the material (except pieces 
that are specially intended to be bent in the field). The punched holes 
must be so accurately spaced that the pole will go together without the 
necessity of drifting and distorting the material. The punched holes shall 
not exceed the diameter of the bolt by more thah ^^ of an inch. 

After all of the shop work has been finished, all structural parts of the 
pole must be thoroughly galvanized by using the hot process. Each piece 
galvanized shall be dipped in the bath at one operation, that is, it will not 
be allowed to dip a piece one end at a time. 

The galvanizing shall consist of a coating of metallic zinc, evenly and 
uniformly applied, so as to firmly adhere to the surface of the metal. All 
galvanizing (ejccept as hereinafter provided) shall be done by the hot pro- 
cess, after all punching, cutting and other machine work are completed. 
All galvanized work shall be subjected to the following test: 

A solution of sulphate of copper shall be made, using commercial 
copper sulphate crystals in water having a specific gravity of 1.185 at se- 
venty (70) degrees Fahrenheit. The testing solution shall have a maximum 
temperature not exceeding seventy (70) degrees Fahrenheit or a minimum 
temperature of not less than sixty (60) degrees Fahrenheit. A sample 
piece galvanized shall be immersed in a standard solution, as abovB de- 
scribed, for one minute, and the removed, immediately washed in water 
thoroughly and wiped dry. This process shall be repeated. If after the fourth 
immersion there shall be a copper colored deposit on the sample, or if the 
zinc should be removed, the lot from which the sample was taken shall be 
rejected. 

The bolts and nuts are to be galvanized by the electric process, and 
are not subject to the sulphate of copper test. The work is to be carefully 
done, and threads are to be clean, so that the nuts can be easily turned on 
the bolts. 

The poles are to be shipped all * 'knocked down", that is, in separate 
pieces. All members that are duplicates and form one pole, are to be wired 
together and the bundle tagged with the proper erection mark. The bolts are 
to be boxed so that one box contains all of the bolts necessary to put one 
pole together, with an excess of five (6) per cent. 

Before acceptance and shipment the manufacturer shall, at his own 
expense and in the presence of the inspector appointed by the owners, 
put together one pole complete on the ground, to show that all of the shop 
work has been properly done. 
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169. Reinforced Concrete Poles. 

Reinforced concrete poles realize about all the ideal characteristics 
of perfect structures; long life, fireproofness, maximum economy in con- 
struction, maintenance and repair. However, they have not been exten- 
sively used as yet, very few having been adapted for transmission line 
work. The pole is calculated under the same basis as a wooden pole, that 
is, considering it as a cantilever beam rather than a column, and if it is de- 
sired that the pole be designed with special regard to economy, it is possible 
to use high unit stresses for conditions that may never occur. In regard 
to the factors of safety, unit stresses and Working stresses to be allowed 
in the constituent materials of a reinforced concrete pole, Messrs Coombs 
and Slocum^ state that there is much latitude of judgement, as in other 
structural work. If the reinforcing material is concentrated in four equal 
areas, a rod to each comer, a square pole will be equally strong, either 
parallel or normal to the line, and in this case concreting operations are 
more easily accomplished. In solid poles, the load- 
ing produces a low compressive stress in the con- 
crete so that a large amount of concrete area may 
be suppressed, and the pole made hollow. Such a 
structure however, offers considerable difficulty in 
construction , and forms are rather costly. 

A reinforced concrete pole eliminates many 
inconveniences of the wooden poles, but experience 
shows that a combination of the two kinds gives 
better results, and is handled more easily. The 
practice therefore is to cover wooden poles with a 
concrete layer made to adhere by means of spiral 
wound rods of the mechanical bond type. The 
size of the wooden pole is first determined as 
though it is to resist by itself the combined forces 
due to the dead load, ice and wind loads of the 
transmission line. 

The mixture of concrete generally employed for solid concrete poles 
consists of one part of Portland cement to five parts of gravel, graded from 
sand to pieces that will pass a | inch screen. Another mixture common- 
ly used consists of a mixture 1:2:4 Portland cement, sand, and broken 
stone, mixed wet, and the material carefully selected. The Marseilles Land 
and Water Company of Marseilles, Ills., is operating about thirty miles 
of 30,000 volt transmission line carried mainly on concrete poles. This line 
has now been about four years in operation, and the concrete poles have 
given most satisfactory service. 

The fig. 287 illustrates the method used by the Pittsburgh Reinforcing 
Pole Company, for wooden poles having decayed portions at the ground 
line. 




'^i'^fonii/B . 



Fig. 287. 



^ A paper prepared by the Association of American Cement Manufacturers by 
R. D. Coombs and C. L. Slocum. 
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160. Strength of Conductors and Line Stresses. 

Before calculating the sag in a conductor, the maximum stress which 
can be permitted in the wire must be assumed beforehand. The average 
modulus of elasticity for copper and aluminium wire and cable is as follows : 

Copper hard drawn wire 16,000,000 

CJopper hard drawn cable 12,000,000 

Aluminium hard drawn wire .... 10,000,000 
Aluminium hard drawn cable .... 7,500,000 

Calculations are generally based on the following data 

Aluminium Copper 

Elastic limit 14,000 lbs 40,000 lbs 

Stress at } elastic limit 
Stress at elastic limit ' . 



1470 „ 


2640 „ 


2940 „ 


5280 „ 


0.000013 


0.0000096 


1500 F 


1500 F 



Coefficient of expansion . 
Variation in temperature 

If D = deflection in feet, 
S = span in feet, 

W = resultant of weight and wind in lbs. per ft. of cable, and 
T = stress allowed in cable in lbs. = 2640 for copper,- 



then n — E^* 

ST 



This formula gives 



^ = -8-1- --^ ^'- 



"V W ' 



The tension at the points of support is a little higher than the tension 
at the middle of the span, its value being: 

The length of the cable (cold) is given by: 

from which i/3S{L—8) 



i>=V? 



8 
The length of the cable without stress is determined by 

in which 

F = lbs. per sq. in. permitted in cable, and 
E = modulus of elasticity. 

The length of cable (hot) is : 

Le = L,{1-]-CB) 
in which 

C = coefficient of expansion = 0.0000096 for copper; and 
B = maximum degrees F rise in temperature = 150® F. 
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Table LXVII. Stresses 


in wires and cablet 


?. 








All materials 


Aluminium 


Copper 


B.&S. 


Project. 


Hor. force 


Vert, force 


Result, 
force lb. per 


Vert, force 


Result, 
force lb. per 




sq. in. 


lb. per ft. 
Wire Cable 


lb. per ft. 


sq. in. 


per ft. 


lb. per ft. 


sq. in. per ft. 




Wire 


Cable 


Wire 


Cable 


Wire 


Cable 


Wire Cable 


Wire 1 Cable 


8 


13.54 




0.989 




0.400 




82.2 




0.445 


83.6 : 


6 


13.95 




1.020 




0.439 




53.8 




0.494 


55.0 


4 


14.45 


14.76 


1.055 


1.076 


0.478 


0.501 


35.3 


36.2 


0.567 


0.590 


36.6 


37.4 


2 


15.09 


15.60 11.100 


1.140 


0.536 


0.56^ 


25.5 


24.4 


0.678 


0.706 


24.8 


25.8 


1 


15.47 


15.96 : 1.130 


1.166 


0.572 


0.604 


19.3 


20.0 


0.570 


0.782 


20.6 


21.4 





15.90 


16.44 1.160 


1.200 


0,612 


0.656 


15.8 


16.5 


0.837 0.881 


17.3 


18.0 


00 


16.38 


17.04 1.196 


1.244 


0.665 


0.713 


13.1 


13.7 


0.949 


0.997 


14.6 


15.25 


000 


16.92 


17.64:1.233 


1.286 


0.725 


0.777 


10.8 


11.4 


1.084 


1.136 


12.4 


13.0 


0000 


17.52 


18.48 1.280 


1.348 


0.790 


0.861 


9.1 


9.6 


1.240 


1.311 


10.7 


11.3 


kilo 




' 


















oir-mils 


















' 






250 




18.96 




1.385 




0.944 




8.5 




1.476 




10.3 


300 




19.56 




1.427 




1.010 




7.4 




1.649 




9.24 


350 




20.16 




1.470 




1.092 




6.7 




1.838 




8.54 


400 




20.76 




1.515 




1.182 




6.3 




2.034 




8.05 


450 




21.24 




1.550 




1.256 




5.6 




2.215 




7.62 


500 




21.72 




1.586 




1.342 




5.3 




2.407 




7.34 


600 




22.68 




1.655 




1.486 




4.7 




2.764 




6.82 


700 




23.52 




1.718 




1.630 




4.3 




3.121 




6.50 


750 




24.00 




1.752 




1.709 




4.2 




3.307 




6.34 


800 




24.36 




1.778 




1.782 




4.0 




3.486 




6.22 


900 




25.08 




1.830 




1.914 




3.7 




3.821 




5.99 


1000 




25.80 




1.884 




2.058 




3.5 




4.188 




5.84 



Note: — Wind velocity 65 miles per hr., actual ice coating 0.5 in. 
Weight of ice 57.5 lb. per cu. ft. 

Finally the maximum deflection is calculated in function of the length 
of wire (hot), the span, weight, and area of cable by means of the equation: 






0. 



If the supports are at different levels (fig. 288) and if 6 is the distance 
from the bottom of the span from the lowest support, the foUoAdng equation 
is determined: 



6 = 



4Z) — A 



The value of D' is: 



D' = 



6«A 



L — 26 
2A 



The tension at the lowest point is 

T=WL 
The tension at the lowest support: 

T^ = T-{-WD. 
The tension at the highest support: 




Fig. 288. 
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Tables LXVI and LXVII will be found useful in the calculation of the 
stresses in wires and cables, and it must not be lost sight of that a joint in 
a cable weakens its effective resistance by 15% more or less. 

At the time of construction of transmission lines, the tension of the 
wires is usually measured by means of a dynamometer, or by a table calcu- 
lated beforehand, determining the sag, and usually allowing a factor of 
safety of 4 or 5 against_ rupture at the lowest temperature. The sag of wires 
in place may be measured easily without apparatus by the following 
method, which consists in producing oscillations in the line by hand, at a 
short distance from the support. 

If ^ = constant of gravitation, 

d = distance from center of gravity of system to axis of oscil- 
lation, 
Ml = moment of inertia of pendulum, 
m = mass of wire, and 

w = number of simple oscillations per second, 
the following expression is obtained 

'l^/mdg 

nV Mj ' 

Supposing the Une to be of parabolic form, the moment of inertia is: 

in which 

3 
f= ^ d = distance from axis of rotation to the top of parabola, 

== sag. 

The number of oscillations per minute will be 



Wj^ = QOW=: 



w- 




therefore the sag in feet will be 
f 



60^ X 6x32.16 66890 



161. Influence of Wind, Snow and Temperature. 

As has been said in the previous paragraph, the maximum stress which 
can be permitted in the wire must be assumed beforehand. It is an observed 
fact that the wind pressure causes an enormous stress in the wire. Ge- 
nerally, 40 lbs. per sq. ft. is the assumed wind pressure at a velocity of 
100 miles an hour, and as is the case with a cylindrical conductor, a given 
wind velocity only causes half the pressure*); the assuming of a wind 

*) It has been found experimentally that a wind pressure in a direction normal 
to the axis of a circular conductor, exerts a force on it which is equal to 0.6 of that 
corresponding t<>the projected surface, see also page 89. ^^ 
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pressure on a conductor, of 20 lbs. per sq. ft. is therefore amply justified. 
The wind pressure in function of its velocity is expressed by the follo- 
wing formula: 

p = 0.0026 V* 
in which 

p = pressure per sq. ft. of projected cable area, and 

t; = actual wind velocity in miles per hour. 

The wind velocities reported by the U. S. Weather Bureau stations 
are indicated velocities, which correspond to actual velocities as indi- 
cated in table LXVIII. 



Table LXVIII. Corrected wind velocities. 



Indicated 


Actual 


Indicated 


Actual 


velocity 


velocity 


velocity 


velocity 


10 


9.6 


60 


48 


20 


17.8 


70 


55.2 


30 


25.7 


80 


62.2 


40 


33.3 


90 


69.2 


50 


40.8 


100 


76.2 



It will be remarked that the exposed surface varies directly as the 
diameter, while the strength increases as the square of the diameter; 
therefore small conductors are more apt to suffer from wind and snow than 
larger ones. From the mechanical point of view, it is better to use larger 
conductors for power transmission. Besides carrjdng its own weight, a 
conductor must also be able to carry the weight of snow or ice which may 
accumulate around it in winter storms. The practice is to assume that 
I to I inch of ice may cover the surface of the wire. Aluminium wire 
gathers less sleet than copper; this is due probably to its greasy surface. 

It is obvious that in the calculations of the effect of the wind, the ad- 
ditional weight occasioned by the ice must be considered simultaneously, 
as in such a case, the wind pressure is exerted against the increased diameter 
of the wire due to ice. The wind pressure causes the conductor to swing 
to one side, and the elongation which takes place is due to the combined 
strain of wind and weight; in other words, the strain due to the weight 
of the conductor and ice is parallel to the line, whereas the strain due to 
wind is at right angles to the line. The strains are combined in order to 
determine the resultant stress in the wire itself. 

If w = tension due to weight of conductor and ice, and 
p = tension due to wind pressure ; 

the resultant tension will have for value : 

Vw^+~pK 

It may also be noted that in case of transmission of a large amount 
of power, the heat developed in the conductor keeps the temperature 
of the latter above that of the atmosphere, preventing sometimes the 
formation of ice. 

The variation of temperature is taken at about 150® F. in the northern 
countries, while for the southern countries, a variation of 100® F. may be 
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taken as a basis for the calculations. As ice on the conductor will break off 
more or less with high \^dnds, it is to be concluded that, as far as trans- 
mission lines are concerned, the strongest wind effect does not coincide 
with the greatest cold. . 

162. Aluminium Conductors. 

Aluminium is being used today as conductor in overhead transmission 
lines, and has successfully stood the test of practical work ; this metal offers 
many advantages compared with copper, as will be seen in the following 
data furnished by H. M. Hobart. 
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Fig. 289. Tensile Strength of Aluminium. 
Wires of Various Sizes. 
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Fig. 290. Average Relation between 
Diameter and Tensile Strength for 
Copper and Aluminium (Conductors. 



From data supplied by manufacturers of aluminium wire, the tensile 
strength of hard drawn aluminium wire is shown per curve in fig. 289. 

Fig. 290 shows a set of curves one of which relates to aluminium wires 
and the other to copper wires. 

In comparing aluminium and copper, the following characteristics of 

both metals are to be noted ^: 

Aluminium Copper 

Specific gravity 2.68 8.93 

Relative specific gravity . . * 1.00 3.33 

Conductivity 61 to 63 96 to 99 

The most complete study of the relative merits of aluminium and copper 
transmission lines has been made by Mr. Hobart. 

Two cases were considered. In the first case, the towers carry six 
stranded aluminium cables, and each cable has a cross section of 200 sq. 
m.m. In the second case the towers carry six stranded copper cables, 
each cable has a cross section of 120 sq. m. m. 
For the towers, M. Hobart calculates: 

Aluminium line Copper line 

Total length . . . . 21.5 m 20.1 m 

Total height above ground 19.5 m 18.1 m 

Load to be sustained 0.475 tons 0.940 tons 

Unbalanced pull to be withstood .... 3.60 tons 4.80 tons 

^ The Pittsburgh Reduction Co. 
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The total costs of the transmission Unes were calculated to be: 

for aluminium $ 5500 per mile 
for copper $ 6665 „ „ 

In this particular case, the copper line costs 21% more than the 
aluminium line. 

The smaller the conductors, the less is the percentage disadvantage 
of copper. M. Hobart observes that certain advantages inherent to alu- 
minium have not been credited to it in the calculation. Amongst these 
may be mentioned the lesser freight charges due to the lesser weight, and 
the lower labor charges due to the greater facility with which aluminium 
conductors may be erected. These would of course, not greatly affect 
the total cost of the Une, and since it would have been difficult to assess 
quantitative figures to them it has been deemed desirable laerely to mention 
the omission to take these differences into account. 

The cost of the copper line for equal temperature rise was found to 
be 28 per cent greater than the total cost for the aluminium line, as 
against the result of only 21% percent greater cost, at whiph Mr. Hobart 
arrived when the comparison was made on the basis that the line loss 
should be equal in the two cases. 
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Chapter IX. 
Investigation of Water Power Projects. Economics. 

163. Site of Power House. 

All streams can generally be utilized with possible commercial results 
by a series of power plants, distributed from the higher plateau to the 
lower plains until no head is available. Suppose a river, the profile of 
which is shown in fig. 291. It is observed that the hydraulic development 
of the lower plant will cost more than 
the equivalent hydraulic development 
in the upper part of the valley; it re- 
sults therefrom that the cost per HP will 
be correspondingly higher in the first 
case than in the other. 

On the other hand, the <?ost of trans- "^^^^^MT^^^t^ 

portation of materials and machinery may Fig. 291. 

be less when the site is located in the lower 

valley; in such case it would be obvious that a locality should be chosen, 
where transportation economy will compensate increased installation cost. 

The study of a proper site for a power house naturally involves other 
important factors; it must not be forgotten that any particular locality 
implies a known distance from the power market, and therefore deter- 
mines a given length for the transmission line. 

It is necessary to study the various types of developments that are 
in use, compare the prime conditions affecting the particular case under 
consideration .with those of existing power houses of the type which is 
likely to be adopted; and it must be remembered that sometimes a power 
house can be duplicated to advantage in another locality. 

In low and medium head plants, the power house may form part of 
the dam, or adjoin the dam on the down stream side;^ in some exceptional 
cases the power house is located within the dam, the latter being hollow. 
The power house intakes should be protected from floating ice and debris; 
it is desirable to build a spillway or a wastegate nearby in order to take 
care of waste materials, and keep the intakes clear. \ 

Special attenti6n should also be given to the possibility of flow under 
and around the structure. 

164. Site of Dam. 

The site of a dam is governed by several factors of which its relative 
position with respect to the solid rock foundation is probably the most 
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important. The proper location will therefore be determined by the 
study of the most economical inter-relation between dam, canal or pres- 
sure pipe and tail race. The factor immediately influencing the site is 
the nature of the river bed; if this presents a knob and if the dam be 
built on top of this, such a scheme would obviously be the most economical. 
On the other hand if the bed is flat, the most economical dam would be 
located where the river bed is narrower. A dam built up stream with 
respect to the power house necessitates the construction of a canaL which 
at places may be very costly, fig. 292. If the dam is placed downstream, 
it will be higher, requiring a larger cross section area and evidently more 
masonry, fig. 293. However these conditions do not take in consideration 

Toil Roce 




V><\ Power H0US9 T^V^ 



Dam 
-—^Lock 



Fig. 292. Dam Up-Stream with respect Fig. 293. Dam Down-Stream with 

to Power House. respect to Power House. 

the probable storage, in which case, the value of storage as compared with 
the cost of its creation would be a preponderant item. In most modern 
instances, however, and especially those of low head, the dam is placed 
adjacent to the power house or in other words, the building itself forms 
a part of the dam structure. Usually the power house is built at an 
angle in plan, a forebay is provided and a deflecting boom or submerged 
arches form an efficient means of preventing floating matter or anchor 
ice to reach the power house and block the screens. If the river is 
navigable, a lock must be provided, its dimensions being influenced by 
the amount of traffic and the size of the boats, and a guard wall should 
be built to prevent vessels from being drawn over the dam by the cur- 
rents. The elevation of the lock masonry is governed by the high water 
mark of the river, due consideration being given to the depth of the 
water at flood times over the spillway, this being generally the type of 
dam used in low head developments. 



166. Reservoirs. 

The most important features controlling the location of a reservoir 
are those of a geological and topographical nature. 

The selection of a site as regards water tight substrata for trench 
excavations for the construction of the dam, the proximity of stone 
which should be quarried from the neighborhood and within econo- 
mical distance of the site, and material for earth embankment^ for 
the construction of either masonry or earth dams, are matters exacting 
attention. 

In general, the ideal site for a reservoir is a region contained within 
a valley of relatively large area, but bounded by steep slopes, which 
should approach close together at one point below forming a gorge, so as to 
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provide a convenient dam location. It is the practice to generally study 
and compare two possible sites formulating for the purpose complete cost 
estimates for both. 

Having decided on the exact location, a topographical survey of the 
reservoir site is then made of the area to be flooded, for which it is 
necessary to obtain all data 8ks to property lines, buildings, vegetation, 
highways, railroad tracks, etc. From the 

survey map, a contour map is made, from — ^ _ yt s^*^^^^** ^ 

which the computations of storage volumes ^^xS/i/ rait Ran 

for different depths can be made. The areas "^ ^ 

enclosed by the contour lines may be ^ 

measured on the map by means of a plani- — " 

meter, taking the average of three readings, Fig- 294. Dam contiguous to 
and the volume contained between two sue- Powe^r House, 

cessive contour lines is obtained by mul- 
tiplying the average of the arefiis contained between the contours by the 
distance separating them. The prismoidal formula may be used where 
the slopes are rather flat, 8ks the planimet^r method may lead to appre- 
ciable error. The formula to be used is 

F = (a + 46 + c)|- 

in which 

a, 6, and c are the two end and the intermediate areas; and d is 
the contour interval. 

In the case of streams carrying silt, it is necessary to make an 
allowance in the computation for the silting up of the reservoir, although 
this importance, in some c€ises, is problematical, as illustrated by the 
report made on the observations regarding the sedimentation of the re- 
servoir formed by the Sweetwater dam.* 

"Careful resurveys of the reservoir made by Mr. H. N. Savage, Chief 
Engineer, demonstrate, since it became empty, that the total filling has 
been about 900 acre feet, since the construction of the dam, or at the 
rate of 75 acre feet per annum. The total volume of water that entered 
the reservoir in 12 years has been 180,066 acre feet. The measured 
solids deposited from this water have therefore averaged a trifle more 
than one half of one per cent. The deposit has been almost directly as 
the depth, being greatest at the dam, where the depth of silt of almost 
impalpable fineness is two and one half to three feet. The addition made 
to the reservoir capacity after the flood of 1895 was 4.6 times the accu- 
mulated sediment of 12 years, or, in other words, sufficient to offset the 
filling of half a century." 

The above statement is not general, of course, and may well be offset 
by the case of the reservoir formed by the dam across the Colorado River 
at Austin. This dam, completed in 1893 formed a reservoir of a capa- 
city of 2,275 million cubic feet which was reduced to a capacity of 1,150 
million cubic feet in 1900 on account of the extremely silt-bearing cha- 
racter of the stream. 



» Transactions A. S. C. E. Vol. XIX, Page 214. 
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166. Prismatic Reservoir. Time of Outflow. 

No inflow. In emptying a storage reservoir, a discharge under varying 
head occurs, and the problem "may arise requiring the determination of 
the time necessary for discharging a certain amount of water. 
Let: )S == reservoir area, in sq. feet, 

A = area in sq. feet of cross-section ot dis- 
charge conduit, 
J? = head in feet at point, C, fig. 295, at the 
time t, 
Hq and J?i = initial and ultimate head, in feet, 

t; = velocity of discharge at time t, in feet 

per second, 
T = time in seconds required for the reservoir 
surface to change to an assigned level. 
For a time dt, the discharge is Avdt, and the surface of the reservoir 
is lowered by an amount — dH, 




Equating gives 
But having 



Avdt 



SdH. 



v = mV2gH 



mAV2gHdt = — SdH 
SdH 



dt = — 



mAV2gH 

Ho 



mAJV2gH^ 



Integrating gives: 



Calling 



T = 



m 



2S , ,— 



Z = length of the conduit in feet, and 
2) = diameter in feet, 
the value of m is given in Table LXIX. 



(1) 





Table LXIX. 




I 




I 






m 




m 


D 




D 




5 


0.11 


30 


0.55 


10 


0.64 


40 


0.52 


15 


0.61 


50 


0.49 


20 


0.59 


100 


0.40 


25 


0.57 


200 


0.30 



Uniform inflow. In case of the reservoir receiving a uniform inflow 
of Q cubic feet per second, the above formula becomes 

2S 



mAV2g 



NH VTT)-^ ^^ mAV2gH„-Q 
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167. Non-Prismatic Reservoir. 

No inflow. In this case, S is variable and may be represented as a 
function of the head 

S = f{H). 

Substituting in (1), paragraph 166: 

f{H)dH 



dt = 



Suppose 



mAV2gH 



f{H) = a£f' + 6-H + ^J a, 6,c = const, coefficients 



mA 



.\'2g] VH 



Integrating 



ri 



mAV2g[ 5 3 



ffo 



The expression S = f {H) may be found, for example, in the case of a re- 
servoir having a pyramidal form, fig. 294, in the following manner. Calling 
the area 



A''B"==S^ 



we find 



or 



8 



Sn 



'{H + qr {qVvf 
8, 



5=7- 



(?+Pf 



{H + q)' 



16& Surge Tanks. 

The water hammer effect produced by the sudden closing of a valve 
in a pipe line may be attenuated to some extent by means of a small 
reservoir, called also a stand 






'^^^^^^/^^-^^fz>^^-^ 




/bwer/fouse 



or surge pipe, fig. 296. At 
the same time this surge tank 
can furnish the water neces- 
sary for a sudden demand, 
viz., the starting of the 
plant, and can also receive 
the water that may not be 
wanted at the plant, viz., 
when reducing load, or tem- 
,porary shutting down. 

If jlf = mass of water flowing in the pipe of length L, and 
F = velocity of this water in feet per second, 
the energy of the flowing water will be 

MV\ 
2 ' 

If the gate is suddenly closed, the water in the surge pipe will be 
raised to such a level as to counterbalance the energy of the flowing water. 



Fig. 296. 
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Let h be the height of the water in the surge tank when F = 0. 
The equation of equilibrium will be 

Mv" Wh 



where ^ 



2 2 

W = weight of water raised through - 
and which becomes 

ai =62.5.^,. A~ 

if the area of the pipe is called -4^ and that of the surge tank A^, The 
valu« of h is then found to be 

/LA. 



,=vVl 



■■1 

in which 

g = constant of gravitation. 

If the ratio -^^- is expressed by m, the above formula becomes 

■ ' h^v]/—- 

Y g 

It will be 'of interest to note, in respect to surge tanks, and supposing 
the average thickness of the plate to be equal to the thickness of the 
bottom, that the most economical tank of definite volume is that the 
height of which is equal to the diameter. 

Call 

H = Height of tank, and 
r= its radius. 
Its plate area is 

A=Jir^-{'27irH 

Differentiating and equating to zero 

2jir + 2jif? = 

solving for H: fl = 2r = Diameter. 

169. Distribution of the Water between several Plants. 

The distribution of the waters equally or in definite proportions 
between several plants is effected in different ways. In case of high head 
plants requiring relatively small quantities of water, the system developed 

by M. de La Brosse, may be used with some 
modifications. The water, fig. 297, is brought 
into a chamber by means of a siphon. If inten- 
ded to serve three plants, the chamber, built» 
of masonry, is triangular in plan, the sides 
being of equal length. The sides consist of 
/ »5/?///m7y spillways, and as the level of the water in the 

Fiff 297 chamber will always be the same in respect to 

the three spillways, the discharge over the latter 
will be effected equally. If the water is not to be distributed equally the 
length of the spillway may be gauged for each specific case. 
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The water, passing over these spillways, may be collected in a pressure 
tank or collecting basin, from which pressure pipes or canals will carry 
it to the respective power plants. » 

If the distribution is to be effected by means of gates, the size of 
these must be determined in order to give passage to the amount of water 
to which the owner of the concession has right. 

Calling 

Q = mean discharge of river, 
Q' = flood discharge of river, 
q and ^ = the corresponding rates of discharge of one of the plants, 
J?i = height of gate, 

H^ = head of water at top of gate opening, and 
L = width of gate, 

M. R. Busquet gives the following formulae: 



q^mLH,\/2g[H,-\-^), 



The values of m and m', are generally 0.42 and 0.62 respectively, so that 

^==o:62=^-^^- 

Knowing U^, the width L may be determined, or inversely, 
knowing L, the height H.^ may be determined. 

The quantity (H^ + U^ determines the level of the gate sill, which is 
better taken equal for the different intakes. In order to attain maximum 
power, this height should be 

The distribution of the water may also be effected by a common 
spillway, the problem being reduced to a computation of the minimum 
depth of overflow, this being equal to the aggregate discharge to which 
the other plants have right. 

170. Fall Increaser. 

A novel fafl increaser, schematically represented in fig. 298 has been 
developed by Messrs. Biel and Bursh. It consists in a depression in the 
form of a F in the river bed or canal bottom, into which the draft tube 
discharges. In raising the gate, the head of the water in the forebay 
produces such a velocity under the gate, that in passing the draft tube 
opening, a suction is produced, and the momentum is sufficient to coun- 
terbalance the inertia of the tail water which remains at its natural level 
as shown in the illustration. If the effect of the fall increaser were 
neglected, the available head would be \\ whereas by the use of this 
arrangement, an additional head equal to \ is obtained. The device is 
very simple and may be installed in many low head plants. 

Fig. 299 illustrates Herschel's fall increaser which has been adopted in 
several plants. 
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Fig. 298. Biel and Bursh's Fall Increaser. 




Fig. 299. Application of a FalMncreaser to a Power Plant. 



171. Study of Probable Load. 

In the development of water power and the establishment of trans- 
mission lines, it is of prime importance to estimate beforehand the pro- 
bable load. 

Having decided on the probable route of the transmission line, it is 
necessary to investigate and make a list of the actual consumers of power, 
determining the kind and amount of power and the expenses incurred by 
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the consumers using it. The data taken for this purpose should indicate the 
address, specialty of manufacture, boilers (type and capacity), machinery (type 
and capacity), total load in HP and actual load in HP. The kind of coal and 
its cost, number of engineers and help and number of working hours per 
day are other factors to be noted with as much accuracy as possible. 

Having compiled this data, an examination is made as to what 
industries could adopt electric power with profit; proposals including estimates 
are presented to the manufacturers, together with comparison completing the 
information presented in the proposal for demonstrating relative advantages 
and reliability of service. It will be remembered that the factor of reliability 
is not only an engineering problem but also a commercial one, perhaps of far 
greater importance to the large manufacturer than the factor of low cost. 

When making such comparisons, the points to bear in mind, and which 
will serve to call the attention of the prospective client, are of statistical 
nature and refer to the motor or motors in actual use, charges for trans- 
mission, shafts and belts, fuel expense, salary and wages of help, cost of 
water, oil, cotton, repairs and depreciation of machinery, and rent paid for 
individual power plants of the factories. The advantages are then shown in 
favor of electrical power, ease of installation, economy, continuity of service, 
good voltage regulation, flexibility afforded by new system, elimination of heat 
and vibrations, and creation of perfect hygienic conditions for the employees. 

The large industries having been duly covered, then smaller ones 
should receive careful attention, because although each unit of small scale 
manufacture may appear of little importance, nevertheless in the aggre- 
gate they may result in a large percentage of the total load secured. 



172. Cost of Development 

The cost of development varies in different localities and also for 
low or high head plants. The location of the power plant influences the 
cost of machinery and materials, these naturally costing more where the 
locations are remote from centers of manufacture. 

Table LXX. Development costs of some American plants:^ 



Name or location of plant 



Head 

in 

feet 



Horse 

power 

capacity at 

turbine 

shaft 



CJost 



Cost 
per HP 



See 
notes 
below 



1. Chicago Drainage Canal» 

Lockport, lU 

2. Columbus, Ga. . . .' 

3. Catawba, S. C 

4. Tariffville, Conn 

5. Delta, Penna 

6. Lachine, Montreal 

7. Winnipeg, Manitoba .... 

8. Manchester, N. H 

9. Lowell, Mass 

10. Lowell, Mass 

11. Big Cottonwood, Utah. . . 

12. Lawrence, Mass 

13. Spier Falls, N. Y 



28 
40 
25 
31 
42 
16 
40 
30 
13 
18 
370 



15,500 

9,000 
10,000 

2,300 
550 

6,600 
25,600 

6,000 



90 I 



3,000 

1,000 

50,000 



$3,500,000 

450,000 

1,100,000 

3o!oob' 

957,200 
4,000,000 



325,000 

2,ioo!oob' 



$225.80 

50.00 

110.00 

125.00 

54.00 

145.80 

156.25 

66.00 

110.00 

57.00 

108.25 

67.50 

42.00 



d 
c and e 
d and f 

d 
d and g 
d and h 
d and i 
a and j 
a and j 
a and j 
d and k 



a and j 



* From Water Power Engineering by D. W. Mead. 
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Table LXXI. Development costs of some foreign plants: 



Name or location of plant 



Head 

in. 

feet 



Horse 

power 

capacity at 

turbine 

shaft 



CJost 



Cost 
per HP 



See 
Notes 
below 



Zurich, Switzerland .... 
Rhinefelden, Germany . . 

Pademo, Italy 

Champ, France 

Dep't. de Tls^re, Prance 
Dep't. de Jura, France. . 
Upper Savoy, France. . . 

Ch^dde, France 

Ch^vres, Switzerland . . . 
Kubel, Switzerland. 



Schaffhausen, Germany. . . .( 

Gersthofen, Germany 

Augsburg, Germany 

Heimbach, Germany 

Lyon, France 

Mtihlhausen, Germany 



Very low 

10tol6 

90 

104 

330 

6.5 
450 

455 

14 to 27 

296 

13.8tol5.8 

11.5tol4.8 

32.8to34.4 



230 to 860 
33 to 40 
24 to 30 



25,300 

15,000 

13,000 

6,750 

4,000 

300 

11,000 

10,000 

9,600 
5,000 

2,700 

6,000 

9,100 

16,500 

22,750 

23,000 



$4,650,000 
1,225,000 


$183.90 

81.70 

120.00 

148.00 

34.00 

150.00 

165.50 

/ 30.00 

\ 42.50 

109.00 

215.00 

135.00 

135.00 
206.00 
130.00 
287.50 
138.50 


1,000,000 

136,000 

45,000 

182,000 


1,044,000 
1,074,000 

365,000 

812,500 
1,875,000 
2,125,000 
6,500,000 
3,075,000 



d and 1 

c 

b 

d 

b 

d 
c and m 

a 
c and n 

b 
d and o 

d and p 

b 

d 
d and q 
d and r 

b 



Notes in tables LXX and LXXI. 



a The cost of water power development, not including dam. 
b The cost of water power development, including dam. 

c The cost of complete water power development, including electric station equipment, 
d The cost of complete water power development, including electric station equip- 
ment and transmissions lines, 
e Mostly 12-hour HP distributed to adjacent mills at the generated voltage, 
f Severe climatic and river conditions during construction. 

g Very favorable location; cheap timber dam; transmission line only 5 miles long, 
h Includes extra real estate investment. 

i Expensive canals in rock, and very extensive concrete construction, 
j Factory installation. 

k Pelton wheels and 1500 ft. wood-stave pipe line. 
1 Four interconnected plants; including also steam auxiliary, 
m Not including 5000 HP necessary steam auxiliary, 
n Not including dam. 
o With 1000 HP steam auxiliary, 
p Two interconnected plants, 
q 15 mile transmission line, 
r 12 mile feeder canal. 

The estimated cost of a 200 mile power transmission project in Sweden 
and Denmark including submarine cables line, 3.4 miles in length is ta- 
bulated as follows: (pre-war estimate) 

Estimated Cost of Generating and Transmitting Electric Power, TroUhdtian- 

Copenhagen Project. 



Oenerating station. 
Two 10,000-hp. turbines and auxiliaries 

Three-phase generators 

Transformers at Trollhattan 

Switch gear 

Wages, oil and supplies 



Alternating Current 


Direct Current 


Cost of 


Annual 


Cost of Annual 


Installation 


Expenses 


Installation Expenses 


$81,000 


$ 7,600 




70,500 


6,600 




31,500 


2,950 




27,000 


2,650 




— 


3,200 





$210,000 $23,000 ^ J 
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Alternating Current 

Cost of Annual 

Installation Expenses 



Oenerating station (continued): 

Changes for turbines 

Isolating machinery 

Four 5000-hp. turbines 

Direct-current generators and auxiliaries 
Wages, oil and supplies 

Transmission line: 

Iron poles, including erection, at $ 1350 

per mUe $275,000 

Insulators, at $390 per mile 80,000 

Iron cable, at $ 87 per mile 17,900 

Copper conductors, at $ 1525 per mile . 310,100 

Wages for linemen — 

$ 684,000 

Poles, including erection 

Insulators 

Iron cable 

Copper conductors 

Wages for linemen 

Three transformer stations: 

Buildings $40,500 

Transformers 81,000 

Instruments • . . 30,500 

Auxiliaries 40,500 

Wages and supplies • — 

$ 192,500 
Submarine cables: 
Four cables, each 3.4 miles, at $ 5780 

per mile $ 78,600 

Loading on steamer, laying and splicing 20,000 

Freight and marine insurance 5,400 

Anchorage at cables 9,500 

$ 113,500 
Two cables, each B.4 miles, 150,000 circ. 

mils 

Laying of cables, etc. . . 

Frequency-converter station: 

Three frequency changers, 25 cycles to 

50 cycles; total 11,600 kw $122,000 

Switch gear 13,500 

Wages, oil and supplies — 

Incidentals 27,000 

$ 162,500 
Direct-current motors and auxiliaries . 

Three-phase generators 

Switchboard and switch gear 

Wages and supplies 

Incidentals 

Incidentals $ 231,500 

Total $1,593,000 

Total per kw — 

Mutter^ Hydroelectrical Engineering. 



$ 27,200 

7,900 

2,500 

21,000 

2,200 



$ 22,200 



$ 14,200 



Direct Current 

Cost of Annual 

Installation Expenses 

$40,500 $3,400 

2,700 200 

$ 43,200 $ 3,600 

$ 81,000 $ 7,600 

216,000 21,400 

— 3.200 

$ 297,000 $ 32,200 



$ 60,800 








$125,100 


$ 13,000 




31,900 


3,200 




17,800 


2,500 




166,200 


11,300 




— 


2,200 




.$341,000 


$ 32,000 


$3,400 






7,600 






3,000 






4,200 






4,000 







$ 14,200 








$24,000 \ 
18,900 J 
$43,500 


$5,400 




$5,400 


$ 11,400 






1,300 






3,200 






3,200 






$ 19,000 








$221,000 


$ 22,000 




51,500 


4,800 




10,800 


1,100 




— 


3,200 




54,000 


6,200 




$ 337,300 


$ 37,300 


$24,100 


$140,000 


$ 14,400 


$ 163,300 


$1,202,000 1 


1 125,100 


$ 15.66 
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173. Cost of Operation. 

The annual cost of operation of hydro-electric plants is distributed 
as follows: 

Administration and operating expenses, 

Maintenance and repairs, 

Depreciation, 

Interest, insurance and taxes. 

From the time that a plant is being put in operation, all the materials 
and physical property begin to deteriorate, a deterioration which is accu- 
mulative in character, and which continues until the property becomes 
unfit for further service. This deterioration takes plcwje at different rates 
for different materials and physical properties, and ► each material must 
be replaced as soon as its worn condition requires. Expenses are there- 
fore created which are ultimately borne by the customers, and these 
charges being continuous and constant, they must be considered a part of 
operating charges. Therefore a certain amount is placed aside each year 
in order to replace useless material, and these amounts are adjusted or 
proportioned to the life of the materials concerned. Depreciation being 
therefore an amount destined to keep intax^ the capital invested in the 
original development, it is a most important factor, and must receive due 
consideration on the financial side of all industrial enterprises. 

Hydraulic development: 

Maintenance. 
Dam, hydraulic development and construction . . . - 2.1^1 ^ 

Pressure pipes and accessories ^-^^lo 

Turbines and mechanical equipment 6.0 ^/^ 

Depreciation. 

Dam (30 years) 2.10/o 

Pressure pipes and accessories (20 years) 3.72 ^/^ 

Turbines and mechanical equipment (12 years) .... 7.0 ^/^ 

Electric development: 

Maintenance. 

Electric machines and material 5.0 ^/o 

Transmission lines ^'^ lo 

Buildings 2.0<>/o 

Depreciation, 

Electric machines and material (12 years) 7-0*>/o 

Transmission lines (20 years) 8.72 o/^ 

Buildings (30 years) 2.1 ^/^ 

As the estimated revenue will not attain its value before some years 
of operation, it is best to assume that only § of it will be realized after 
the first year, increasing each year for the first 4 years after which time 
it is fair to expect the plant will be running at full capacity and there- 
fore producing the expected income. 

The following is the estimate of the cost of operation of the Chicago 
Sanitary District hydro-electric plant: 
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Total cost of development and transmission $ 3,500 000.00 

Estimate of operation cost. 

Interest on investment at 4 per cent 140,000.00 

Taxefi on real estate, buildings etc 7,620.00 

Depreciation on buildings at 1 per cent 3,650.00 

Depreciation on water wheels at 2 per cent 2,027.32 

Depreciation on generators at 2 per cent 1,824.60 

Depreciation on pole line at 3 per cent 2,020.50 

Depreciation on other electrical appliances at 3 per cent 3,995.52 

Total nxed^ charges $ 161,137.94 

Operating Expenses. 

Power and sub-station labor 63,240.00 

Repairs to machinery and buildings 3,700.00 

Incidental expenses . 1,200.00 

Operating Lawrence avenue pumping station 43,960.00 

Operating 39th avenue pumping station 120,380.00 

Interest on investment 39^^ avenne pumping station . . 15,599.76 

248,079. 76 

Total cost to sanitary district $409,217.70 

Capacity 15,500 HP. Cost per HP. per annum $26.40 

174. Financial Considerations. 

When reporting on the feasibility of a development there are a number 
of essential points to bear in mind. They may be summarized as follows. 

Not only the durability of the structure itself is a subject requiring 
careful attention, but also judgement should be used regarding its con- 
tinued usefulness independent of its durability; methods and processes 
may be introduced which would affect its future applications disfavorably 
or otherwise. On one hand there may be local factors impeding the prompt 
application of available power, while on the other hand, the facility of a 
relatively cheap power may foster new applications thereof in the locality. 

Especially where varying types of structure are subject of considera- 
tion, it is recommendable to use duplicate methods of cost comparison for 
the purpose of indicating economy, either in general or in the long run 
of some one of the types treated. This two-fold method comprises on 
one hand the consideration of annual upkeep, running expense, and de- 
preciation as well as the original cost as a capitalized value, and on the 
other hand the original cost only as a capitalized value considering the 
respective items of interest, upkeep, running expense and depreciation as 
an annual charge. The problem thus treated is evidently not an easy 
one, as interest rates, material- and operation-cost§ and even methods of 
construction change in the course of time. If a sinking fund charge is 
one of the factors, it is now generally admitted that as a rule the engineer 
need not take this into consideration in a duplicate cost comparison, this 
factor being fairly covered by a calculation of depreciation in the per- 
manent structure; there are however a few exceptional cases, where the 
sinking fund charge should also be taken into account viz., in improve- 
ments of supplies for large cities. 

Where regularity of service during every day of the year is an in- 
dispensable requirement, due provision must have been made against all 
possibility of interruptions, by means of suitable auxiliary power, storage 
or pondage, and the plant itself furnished with extra units and dupli- 
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cate parts; even where the market is not such an exacting one, similar 
provisions are often very recommendable. 

Although undeveloped water power is apparently waste, its utiliza- 
tion does not necessarily imply profit; the market for the power deve- 
loped must be extensive enough to consume quantities which will cover 
all annual charges, and still yield a fai^ return to those who fathered the 
venture, and of course the selling price of that power must be such as 
to defy the competition of power derived from any other source. It 
will be remembered that the plant's annual cost is a fixed charge whether 
the consumption be large or small, and that many developments have 
been made at a large and unwarranted cost and later involved in com- 
mercial failure because the conditions were not such as to present a sui- 
table scope to the enterprise. 

The market for power must be considered at the inception solely 
from its minimum and immediate possibility, while in the primitive con- 
struction, especially where there is dam or other river protection work 
provision may have duly been made for increased power production as 
soon as the market demand will justify same. Nevertheless provisions 
may be made at the inception of an enterprise for fostering the local 
deimand; most public service corporations to-day tend to facilitate in every 
possible manner the increased consumption and novel applications of 
power. It is often not enough that power merely be produced at a rela- 
tively cheap rate in order to promptly interest the public in its profitable 
applications, and any prudent policy adopted for thus creating add ex- 
tending the market falls quite within the legitimate sphere of a develop- 
ment enterprise. 

Finally it must not be forgotten that occasionally development vent- 
ures have been involved in commercial failure through serious errors in 
cost estimates; unforeseen contingencies must be provided for in the esti- 
mate in each item constituting a factor in the plant's financial life. 

The engineer who is capable of designing an economical plant in a 
favorable site should also be able to give the above points due consideration, 
therefore having no difficulty in judiciously reporting on its feasibility. 

176. Auxiliary Power. 

It is of fundamental importance to maintain continuous power^ which 
may be considerably more than the minimum flow of the stream. The 
question of auxiliary power equipment becomes then a matter of serious 
consideration, not only for tiding over the low water period, but also for 
the sake of continuity of service, providing reserve capacity in case of a 
possible breakdown. Naturally the design of an auxiliary steam station 
is different from the design of an ordinary water power plant. The 
period of auxiliary operation lasts only two or three months per year, 
and consequently the fixed charges bear heavily upon the cost of the 
output generated by steam. In the actual design, simplicity, low cost 
and convenient location are the factors of fundamental importance. It 
will be found advantageous in most cases, to locate the auxiliary plant 
at the receiving end of the line, instead of locating it near the water 
power plant. One reason for this is that fuel is obtained cheaper at the 
receiving end. and another reason is that the auxiliary plant is not put 
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out of service by the failure of the transmission line. In ordinary low 
water operation the steam plants turn energy into the system at or near 
points of very large consumption, so that the line losses are relatively 
small. In case of breakdown of one of the long transmission lines only 
a portion of the auxiliary plant service, at worst, can be put out of ser- 
vice, so that operation can go on throughout most of the system. 

In case of resorting to pondage, in order to subsequently use the 
stored water to increase low water flows, it is customary to determine 
from a mass curve, the flow which may be maintained continuously in 
an average dry year. 

RippFs* method may be used for the purpose of such computations. 
From the hydrograph of the water shed for several years, the period of 
extreme low water is selected. For this period the observed or estimated 
flow of the stream for each month is reduced by the loss due to evaporation, 
leakage, etc. 

The result will represent the net yield available for power purposes. 
Add together the yields from the beginning to each month in succession; 
then from these figures construct a curve 
OA^ fig. 300 in which the abscissa of any 
point is the total time from the beginning 
of the selected period, and the ordinate is 
the total net flow during the time represen- 
ted by the abscissa. The inclination of the 
curve at any point is thus equal to the 
rate of the net flow, a minus inclination, 
as at By representing a negative flow. Now 
in like manner plot a curve of consump- 
tion, 0(7, which may ordinarily be assu- *' p. ^^^ 
med to be a straight line, as the variation 
month by month is a refinement hardly warranted by the cwjcuracy of 
the other data. 

The ordinates between the lines OA and OG will now represent the 
total surplus from the beginning, and where the two lines converge, as 
at B and Z), the yield is less than the demand, and conversely. The 
greatest deficiency occuring during any dry period B is found by drawing 
EF parallel to OC and tdngent to the curve; and the amount of it is 
given by the maximum ordinate 10 drawn from EF to the curve. The 
deficiency for any other dry period is found likewise, and the maximum 
80 found is the storage volume required to supply the demand OC. The 
time during which the reservoir would be drawn down below high-water 
line would be represented by the horizontal distance between E and the 
point of intersection F. In like manner the storage capacity for any 
other rate, 0C\ may be determined by measuring from the tangent EF\ 

If the tangent from any summit does not intersect the curve, it in- 
dicates that during the period investigated the supply is not equal to 
the demand; and to insure a full reservoir at the point E, for example, 
it is necessary for the parallel tangent drawn backwards from to inter- 
sect the curve at some point H, In investigating various dry periods it 
is therefore necessary to begin the curve a year or two back of the dry 
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years to insare the accumulation of surplus water. When actual stream 
measurements are to be had covering a series of years, it is best to 
consider the entire period. 

If the yield is to be limited by the time during which the reservoir 
is to be drawn below high-water line, the rate of supply and correspon- 
ding storage can be determined by finding by trial the line of lowest 
slope which shall be tangent at a summit, and whose horizontal projection 
equaJB the time specified. If the storage is fixed and it is desirable to 
know what amount of water the area will yield at a constant rate per 
month, the rate is found by drawing the lines from various summits, 
which shall have their maximum ordinates equal to the given stors^e. 
The rate is given by the line of least slope. 

If the case is one where the consumption cannot be assumed as uni- 
form, the line OC will be a curve, and the desired information can be 
more easily gotten by replotting the ordinates between the demand and 
supply curves — the accumulated surplus — from a horizontal axis, as 
in fig. 301. Storage volumes, etc., are then found by drawing the tangent 
lines EF, etc., horizontally. 

It must be noted however that the benefit expected of the use of a 
reservoir consists mainly in the insurance that it affords in keeping the 
flow of the stream at a determined rate. 

A method devised by A. H. Perkins^ and called by him the "utility'* 
method, is a method which permits of the use of practically all of the 

stored water every year without unduly sacri- 
ficing the "insurance" feature. He says how- 
£ 7 /T ever that such a method requires fore know- 

/^^T/X.^ ledge of the amount and distribution of the 
y^\y C run-off of the year in order that the reservoir 

^ may be just empty when the stream flow has 

X risen to the rate for which it is proposed 

Fig. 301. to regulate as a minimum. Otherwise the 

reservoir may become exhausted before the 
stream rises, and the insurance feature will be sacrificed. Practically, however, 
the utility method appears feasible for the reason that the economic develop- 
ment of such streams as he is considering as determined from the average of 
actual installations for such streams as the Hudson, Genesee, Oswego and others 
in close proximity to large centers of population, is such an installation as can 
be run at full capacity about 60 ^/q of the time reckoned ov^r a long 
period of time. Of course, this can be only an average, ccmditions at 
each plant determining the actual limit of economic development. The 
fact that it is the present limit of average development established by 
commercial practice extending over a long period of time precludes the 
necessity of entering into any computations of what the theoretical limit 
would be. This development beyond the low-water power of the stream 
and the auxiliary power or curtailment of output which it implies gives 
a considerable margin within which the flow may be manipulated and 
still be within the wheel capacity of economic development and above 
the minimum insured flow. Thus, if it is found that abundant fall rains 

* Effect of Storage Reservoirs upon Water Powers. Eng. Rec. Vol./6^, No. 15.1 
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and other conditions indicate large natural flow near the end of the 
period of use of stored water the auxiliary plants may be closed down 
completely. Or if the indications are that the reservoir will be heavily 
taxed to last through, auxiliary plants may be started and run at full 
capacity and the use of stored water correspondingly cut down. The 
utility method implies for its full scope of application the leeway mentioned 
above arising from development up to the "60 ^/q point.'' It thus assumes 
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Fig. 302. Weekly Hydrography of Hudson River at North Creek. 

that there is always sufficient demand for power to absorb any additions 
and render further development after regulation as desirable as before 
regulation. Although during the period of readjustment immediately 
following the reconstruction of a large storage reservoir for power purposes, 
the market may be disturbed, still ultimately this assumption will come 
close to the facts. It will appear from a study of the diagrams that with 







Percentage of Time. 
Fig. 303. Effect of Regulation; No Capacity Increase. 

such regulation of a stream as is within the bounds of commercial practi- 
cability, the same money invested in auxiliary plant will produce greater 
returns when used in connection with the regulated flow than it will when 
used in connections with the unregulated flow. 

Further evidence that the utility method of operation of storage 
reservoirs is the proper method when making studies of the expected 
results is furnished by the hydrograph shown in fig. 302. This is a hydro- 
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graph of the Hudson River at North Creek. The shaded portions show 
the water released from Indian Lake reservoir under actual working 
conditions. The Indian Lake reservoir is operated as desired by the 
power owners, and the hydrograph indicates that the result is at least 
as close to the utility method as it is to the insurance method. 
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Fig. 304. £ffect of Regulation; Capacity increased. 

In order to study the various phases of results to be derived from 
storage of flood waters for power purposes, and their use in accordance 
with the utility method, M. Perkins devised the graphical method illu- 
strated in figs. 303 and 304. 

For this study there were available seven years of stream flow record. 
The curve marked "natural flow of river" was platted in an obvious 
manner from this record. The percentage of time that any given horse 




Fig. 305. Hydrograph showing Auxiliary Power necessary to maintain 
4450 Ten-hour Horse Power at Sterling, 111. 

power would have been operated at full capacity during the 7 years may 
be read at the bottom by proceeding from the given number over hori- 
zontally to the curve and thence downward to the bottom. Thus an in- 
stallation of 40,000 HP could have been run at full capacity 50 ^/o of the 
time from March 1904 to Feb. 1910 inclusive. This has been assumed 
in this case to give a long term average for the stream. On the mass 
curve of the stream the regulated flow obtainable from full use of the 
available storage was then determined for each year and from these values 
was platted the curve marked "Regulated Flow ol River", etc. This curve 
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shows the relation between power and percentage of time that exists after 
regulation in the same manner that the "Natural Flow of River" curve 
shows the relation existing before regulation. The* line showing "present 
installation" is the sum of all the wheel capacities now working under 
the head being examined. 
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Fig. 306. Hydrograph showing Auxiliary Power needed to maintain Capacity 
of Wheels and Probable Increase due to Diversion of Water for Illinois and 

Mississippi Canal. 

In order to avoid confusion two charts are shown, Fig. 303 embodying 
the results to be expected under present conditions, and also after regu- 
lations, but, without increase in wheel capacity of installations, and fig. 304 

showing conditions after regulation and an 
increase in wheel capacity to 40,000 HP. 

An inspection of the diagrams will show 
that in this particular case, operation by the 
"insurance" method will sacrifice about half 
the energy available from storage and would 
not raise the limit of economic development. 
It will also be seen that, assuming the utility 
method is used, a slightly smaller auxiliary 
plant will be required to develop the stream 
to the same relative economic point, and 
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Fig. 307. Cost of Steam Power per Horse Power per Annum in Various Plants. 

that the total energy that the auxiliary plant will have to develop to 
produce continuous conditions will be considerably less than that required 
from the auxiliary installations to produce continuous results under 
present conditions. It may be that in practice some portion of these 
ideal results may not be available, but it is believed that it would be 
possible to very closely approximate them. 

The computation of the capacity and amount of* auxiliary power 
without storage to maintain at a determined rate can be investigated 
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from the hydograph of the daily flow of a river as illustrated in figs. 304 
and 305. 

The cost of the development of steam power is a function of the 
cost and character of the coal used, the machinery employed, the cha- 
racter of the load and the number of working hours of the plant per annum. 
Fig. 307 is a result of the observations made by Mr. H. A. Foster of 22 
different plants; table LXXII, and the curves show the power consumption 
per year and its cost including running expenses and fixed charges. 

Table LXXII. — Showing average power developed and its cosi per HP in 

22 steam power plants. 



Output 


Operating 
expenses^ 


Fixed 
charges, per 


Total 
cost, HP 


Cost per 


Average HP 


No. of days 


HP hr., 


developed 


per annum 


per HP 


HP 


per annum 


ots. 


12.4 


361 


$ 147.93 


$25.40 


$ 173.33 


5.648 


20.9 


365 


123.12 


28.42 


151.54 


1.868 


21.5 


361 


90.47 


17.80 


108.27 


2.918 


32.9 
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22.56 


5.83 


28.39 


0.832 


36.7 


365 


137.25 


96.70 


283.95 


2.811 


42.4 


365 


86.38 


63.20 


149.58 


1.708 • 


53.0 


309 


56.94 


19.51 


76.45 


1.596 


58.8 


365 


97.30 


33.82 


131.12 


1.613 


70.4 


365 


101.69 


20.78 


122.45 


1.641 


129.3 


365 


30.14 


9.41 


39.55 


0.871 


166.7 


313 


15.19 


4.47 


19.66 


0.639 


173.0 


313 


22.66 


5.83 


28.39 


3.333 


. 210.9 


290 


40.33 


7.86 


48.19 


.693 


296.7 


297 


45.56 


7.81 


53.37 


.749 


926.0 


807 


11.73 


8.77 


20.50 


.691 


1010.8 


306 


15.70 


7.74 


23.44 


.794 


1174.8 


306 


10.19 


5.50 


15.69 


.531 


. 1278.7 


293 


10.49 


6.23 


16.72 


.590 


1345.5 


365 


23.28 


9.42 


32.70 


.820 


1352.0 


365 


33.03 


29.41 


62.44 


.713 


1909.7 


306 


13.40 


6.63 


20.03 


.677 


2422. J 


306 


15.67 


6.73 


22.40 


.757 



176. Study of Power Development 

Without losing sight of probably desirable future enlargements, power 
development should be estimated conservatively, i. e.: to a point below 
the probable commercial maximum demand. If the demand for power 
is relatively large and if its cost from other sources are sufficiently heavy, 
pondage or other auxiliary service may be desirable. The feasibility of 
such a project however must be carcefuUy investigated by itself. 

Estimates of cost should be made with the utmost severity insofar 
as the tendency to undervalue expense is concerned. Reasonable allowances 
should be made for unforeseen and possible contingencies, remembering 
that if such estimates result greater than the real outlay, the owners are 
never dissatisfied, whereas if the contrary results, serious complications 
may arise and the reputation of the engineer may suffer. Therefore the 
estimates of cost should be made with the certainty that the items may 
be reduced but never exceeded in construction. 

The report must be made in such a manner that any good business 
man can clearly understand the basis on which the engineer s opinion 
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rests, and the degree of certainty with which the expected result can be 
secured. While the technical details may be beyond the range of vision 
of others than engineers, if the logic of the situation is duly appreciated 
by the informant, he can clearly, accurately and concisely expound the 
feasibility of the project in all its bearings. The statements, findings and 
recommendations of the main body of the report should be supplemented, 
supported and confirmed by plans, drawings, hydrographs, tables, any 
other voluminous data, and any elaborate or minute discussion of a techni- 
cal nature. 

The data, of course, should embrace every topic of investigation ar- 
ranged in the most convenient form. 

In regard to topography and geology, if sufficient run-off and rain-fall 
data is available, the study of conditions affecting run-off is not of particular 
importance. Otherwise, it must be made, and at the same time all other 
sources of information utilized which will in any way assist the engineer to 
comprehend the problem presented and its possibilities and probabilities. 

In studying flood flow, the maximum must be determined in order 
to intelligentlydesign the dam and other flow control works; usually the in- 
formation is available in the respective stream valley and can be safely 
approximated after establishing the rating curve and observing relation 
of gauge heights t6 neighboring high water marks. 

The probable limit of the backwater flow line under variable flow 
conditions should be ascertained in a fairly reliable manner by a carefully 
made topographical survey extending upstream from dam site. 

Upon considering the practicable limit of flood height upstream and 
height of water surface at dam due to various sections and lengths of 
spillway, together with the foregoing data will usually establish dam height, 
and at same time the desirability or necessity of flood gates, adjustable 
crest, flashboard, or means for controlling flood height. Then power deve- 
lopment can be calculated according to the determined variability of head 
and flow conditions. 

The study of storage and pondage often merits the attention of the 
engineer as being of great importance; these conditions materially affect 
available amount of power, and not only the survey immediately above 
dam site may be consulted, but sometimes special surveys in country 
behind the backwater effect may be warranted. 

Due consideration should be given to the study of probable load 
curve, the demand for power throughout the day and if variable throughout 
the year having a most important bearing on the design of the plant. 
The variability in use of the power naturally will enter into consideration 
of stream flow and especially the desirable condition of pondage. A census 
of probable distribution of power should be prepared with utmost prolixity 
and care although reliability in the estimates will involve considerable 
difficulty; most plants ignore the definite amount of power consumed, few 
using recording instruments of precision for this purpose. Where steam 
engine indicators are in use, annual coal consumption, boiler service, heating 
requirements and engine conditions are known, careful investigation will 
enable the making of a fairly close estimate of the power used. But it must not 
be forgotten that in non-electrically operated establishments the normal re- 
quirement is larger than where individual motors are used on each inachine. 
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177. Limmat River Hydroelectric Plant, Switzerland. 

(Head 14.4 to 17.4 ft.) 

This plant has been constructed near the town of Aue, at the side of 
an old water-power spinning mill. 

Dam. The dam produces a head varying from 14.4 to 17.4 ft. The 
Limmat River is fed mostly by moimtain springs, and its flow varies from 
25,200 cu. ft. per second in summer to 63 cu. ft. per sec. in winter. The 
plant has been designed for three imits of 680 kw. capacity. 

The turbines, see fig. 308, are of the Francis double runner type, 70.8 in. 
in diameter, using 360 to 400 cu. ft. per sec. per runner at 75 r. p. m. The 
water from each runner discharges into a common draft tube. Each tur- 
bine drives a generator of the umbrella type, furnishing current at 2200 
volts. Oil is used in the step bearing at the base of the vertical shaft, the 
necessary pressure being supplied by a 3-cylinder pump. The chamber 
beneath the lower wheel may be emptied by a pump and by simply closing 
the inlet and outlet openings. 



178. The Hydraulic Plant of Tuiliere, France. 

(Head 20 to 40 ft.) 

One of the most important plants of France put in service lately is the 
Tuiliere plant, fig. 309, located on the Dordogne River in the south 
western part of the country. The flow of the river is irregular, varying 
from 1080 cu. ft. per sec. to 135,000 cu. ft. per sec. 

Demi,, The type of dam adopted consists of a series of gates, and it 
is built at right angles across the Dordogne. In the present plant are 
included the dam and turbine plant, a steam turbine auxihary and an ad- 
joining transformer building. The total capacity of the plant is 35,000 HP. 

The dam has the form of a viaduct with plate girder spans supported 
on masonry piers. Between the piers are mounted one-piece metal gates 
which slide in grooves and are worked by motor-driven hoists. The gate 
sill lies 3'- 3^' below low water level, and th^ top of the gate when lowered 
lies 39'- 7'' above low water level. A fish way, 23 ft. wide, is located be- 
tween the left-hand abutment and the last pier. 
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Power house. The building is 223 ft. long and 40 ft. wide. The water 
is admitted to each turbine by means of a metallic gate (fig. 310, 311, 
312) 22'- 2^' wide and 15'- 2^' high. These gates are operated by^hy- 
draulic hfts which work at an oil pressure of 25 atmospheres. There*^are 
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Fig. 309. Hydroelectric Plants of Tuilidre (Dordogne River). 



9 vertical shaft turbines of the double Francis type. They are designed 
to operate with a head ranging from 20 to 40 ft. Each of the turbinehalves 
consists essentially (fig. 313) of two fixed directing wheels with combined 
fixed and movable vanes. Each directing wheel has 20 vanes mounted 
on a cast iron crown-piece, IT- 6'' in diameter. The revolving wheels have 
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6^-7'^ outside diameter, and the common shaft on which the wheels are 
mounted has a diameter of 12'^ 

On the turbine shafts are mounted 5600 volt three phase alternators. 

The auxiliary steam plant contains at present two 6000 HP Curtis 
turbo-alternator sets. The switchboard is located on a gallery of the build- 
ing and commands all the groups of the plant. 

The transformer house is a separate building located on the down- 
stream side, and the power is transmitted through the region of Bordeaux 
at a tension of from 13,600 to 60,000 volts. 



179. Sturgis Plant, Michigan. 

(Head 26 ft.) 

This plant i^ built on the 8t. Joe River, 
the flow of which varies from a niininium of 
300 cu. ft. per sec. in dry season to 4000 cu. ft. 
per sec. in extreme flood. 

Dam, This structure is of unusual design. 
It is 300 ft. long and made up of fifteen 40^^ 
inchned reinforced concrete arches supported 
by concrete abutments 20 ft. apart. 

Power house^ The power house consists 
of a concrete building 50 ft. x 35 ft. containing 
two 844 HP. Allis Chalmers turbines, each 
of which drives a 550 kw,, 2300 volt 60 cycle 
3-phase alternator mounted on the same shaft. 
One single bearing located at the floor level 
carries the entire weight of the rotating element. 
There is only one exciter unit of 40 k\\\ capa- 
city which is di'iven by a separate wheel, the 




Fig. 310 Intake. Tuiliere Plant. 
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latter being hand-regulated. The 
switchboard is located in a com- 
partment behind the wheel pits. 
There are two groups of three 
200 kw. transformers stepping 
the current up to a tension of 
23,000 volts for transmission to 
the city of Sturgis and other 
points such as Centerville, Mea- 
den, etc. The transmission line 
is about 20 miles long. 

The design of this plant 
comprises several novel features, 
the most notable being the struc- 
ture of the dam, and is a most 
economical scheme for a low head 
plant, (Fig. 314). 



- 180. Menominee & Marinette 
Hydroelectric Development 

(I^ead 27 ft.) 

This plant is located on the 
Menominee River, 20 miles a- 
bove the cities of Menominee, 
Michigan, and Marinette, Wis- 
consin. The drainage area of the 
river above the dam is about 
3700 sq. miles. The minimum 



Fig. 311. Elevation of Intake Gate. Tuilidre Plant. 




Fig. 312. Details of Gate. Tuili^re Plant. 
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recorded flow was 2200 sec. ft. and the maximum estimated flow 12,000 cu. 
ft. per sec. 

Dam, The dam is made of concrete and consists of two sections: the 
spillway 342 ft. long and 25 ft. high, and the remaining section consisting 
of a sluice gate system. The gates are 8 in number and of the type called 
the tainter gate. They 
are chiefly of wood as 
illustrated in fig. 316, 
and are raised bj'^ 
hand. 

Canal, The caival 
is 3500 ft.long, 118.5ft. 
wide at the bottom 
and the slope of the 
banks is 3 to 1. 

Powerhouse. The 
station is built of con- 
crete, 120 ft. long and 
32 ft. wide, fig. 315. The 
concrete flumes for the 
main turbines are 46 
X30 ft. in plan. In 
the center are two 
46 X 8.5 ft. flumes for 
the exciter units. Two 
turbine •units have 
been installed so far. 
Each consists of two 
pairs of 44 -inch hori- 
zontal wicket gate tur- 
bines coupled to a 
1100-kw, 2200-volt, 
60-cycle, 3-phase gene- 
rator with a speed of 
150 r. p. m. Each ex- 
citer unit is coupled 
to a pair of 22-inch 
horizontal turbines 
having a speed of 
350 r. p. m. 

Step-up transfor- 
mers, which are locat- 
ed in a special transformer room, raise the voltage to 33,000 volts, and the 
energy is transmitted to the cities of Menominee and Marinette to supply 
them with light, power and street railway service. A typical load curve 
is shown in fig. 317. 




Fig. 313. Details of Turbine. Tuilidre Plant. 



Muller, Hydroeiectrical Engineering 
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Fig. 314. Elevation of Sturgis 
Hydroelectric Station. 




Fig. 315. Section through Main Generating Unit. 
Menominee and Marinette Station. 
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181. Johnsonville Development New York. 

(Head 24 to 35 ft.) 

This plant has been built five miles upstream from the Schaghticoke 
plant, both using the waters of the Hoosic river. The drainage area of 
the river above Johnsonville is about 550 square miles, and the flow va- 
ries from 100 cu. ft. per see. to 17,000 cu. ft. per sec. (See § 198.) 

Dam, The dam is of the well known 
ogee type, running at right angles to 
the direction of flow, 530 ft. of spillway 
length, with a maximum height of 
40 ft. and a maximum width at the 
base of 30 ft. Expansion joints have 
been provided every 50 ft. This dam 
ends in a masonry abutment. From 
this abutment which is curved in plan 
in order to deflect the waters, a con- 
crete core-wall has been constructed 
^ running to the high groimd. The 
height of this core-wall is 25 ft. at the 
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Fig. 316. Plan and Section of Wooden Load Curve for Nov. 80, 1910. 

Tainter Gates. 

Menominee & Marinette Hydroelectric Development. 

maximum point, and is covered by an earth embankment. Flash-boards 
as for the Schaghticoke dam are also provided, allowing a rise of 3 feet 
in the reservoir level. At the north shore end, 4 sluice gates 6 ft. X 9 ft. 
are located, allowing for a flood discharge of 8000 cu. ft. per sec. An ice 
chute is located between these sluice gates and the power house. 

Intakes. The forebay is separated from the stream by a curtain wall 
about 160 ft. long, under which are three submerged openings. The top of 
this wall projects 3 ft. above high water. The wall is intended to deflect 
floating debris and ice to the ice chute. The water passes from the forebay 
through screens and gates enters two flumes, 20.5 ft. wide, 27.6 ft. long, 
the walls of which are of reinforced concrete. 

Water wheels, A 57- inch double runner reaction turbine of the hori- 
zontal Francis type, is located in each flume. They develop 3000 HP under 
a head of 35 ft. and when the latter is reduced to 24ft., the output is 1750 HP 
per wheel, the speed of 150 r. p. m. remaining constant. 
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Power house. This measures 37'- 8'' by 83'- 4'' in plan (fig. 318 and 
319). The 1800 kw generators are direct -connected to the turbines by 
a shaft passing through a steel diaphragm. The generators are located in 
the south end, while two concrete platforms and the main generator floor 
at the north end accomodate the switchboard, transformers and other 
apparatus. The S-phase ciurent is generated at 4400 volts, 40 cycles, and 
each generator has a direct-connected exciter generating 110 volt direct 




Fig. 318. Sectional view of Johnson ville Power House and Flume. 

current. There are two 40 cycle 1800 kw, 4400/32,000 volt transformers 
transmitting the current to Schaghticoke. At the latter plant the trans- 
mission is tied in with the Schenectady circuits. 

Transmission line. The transmission line is 5.8 miles long and com- 
posed of one single circuit supported by steel towers. These are 64 in 
number. The conductors are No. 2 B. & S. sohd copper wires spaced 5 ft. 
6 in. apart. 
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182. Mississippi River Hydroelectric Plant at Keokuk, lowa^). 

(Head 21 to 36 ft.)' 

The largest power plant in the world is at present in operation at 
Keokuk, la. Energy is furnished by the Des Moines Rapids of the 
Mississippi River, 140 miles above St. Louis. The initial installation is 
rated at 100,000 HP to be increased to 200,000 HP later on and finally 
390,000 HP which is the full power of the river at this point. 



w==w 



i==r 




Fig. 319. Plan of Power House and Flumes showing the Location of Turbines, 
Generators and Governors. Jobnsonville Plant. 



For a distance of 12 miles above Keokuk, the Mississippi River is 
marked by shallow rapids, and in this distance undergoes a total fall of 
some 12 feet. The Government has constructed the existing canal and locks 
as an aid to navigation around these rapids. The general scheme involves 
the construction of a concrete dam at the site of lock No. 3 which will raise 
the level of the river by about 30 ft., submerging the rapids and creating 
an artificial lake extending 40 miles up stream, and having an average width 
of one mile. A single lift lock and a dry dock will be built in conjunction 

») The author in "La Technique Moderne", Paris, March 15"» 1§13. 

Digitized by VjOOQ IC 



342 



Description of Hydroelectric Plants. 



with the dam. Fig. 320 is a sketch showing the dam structure and the power 
house as they appear to-day. 
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Fig. 321. Details of Spillway, Mississippi Development. 



Fig. 322. Horizontal Cross-Section through Wheel Pit. 
Mississippi Development. 



The dam has a' total length of 4,700 ft. between abutments. The 
spillway section extends 4,400 ft. from the Illinois abutment. From the 
west end of the spillway, and at right angles to it, the power house extends 
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Fig. 323. Cross-Section through Exciter Unit. Mississippi Development. 




Fig. 324. Details of 10,000 HP Turbine. Mississippi Development. 
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1400 ft. down stream paralleling the Iowa shore at a distance of some 
300 feet. 

The dry dock basin and ship lock, 160 ft. X 450 ft., extends from the 
lower end of the station to the adjacent Iowa shore. 

The principal spillway section of the dam, see fig. 321, contains 
116 steel floodgates, each 30 ft. wide and 11 ft. high, is 4,400 ft. long 
37 ft. high and 43 ft. wide at the base. The steel flood-gates are supported 
on concrete piers, 8 ft. thick and 29 ft. wide, built into and forming part 
of the main dam structure. These piers are also carry an arched passenger 
bridge from which the gates are operated by motor driven cab-hoists. The 
head available at the turbine shaft will vary from 21 to 35 feet, the flow 
of the river varying from 200,000 cu. ft. per second to 375,000 cu. ft. per 
second at flood times. 

The power house is 1400 ft. long and 123 ft. wide and 133 ft. in height 
from foundations to roof. It contains 30 generators with the accessory 
transformer and switching apparatus. The generators consist of 5000 kw. 
units* The turbines illustrated in fig. 324, are of the vertical shaft type, 
the double runners being submerged in the wheel pit. . 

An arched concrete fender extends 2800 ft. upstream in order to 
protect the intakes against floating ice and debris. 

The first transmission lyie built is a 110,000 volt 25 cycle line, car- 
rying the energy to St. Louis. This is supported by steel towers pro- 
vided with the suspension type insulator. Other lines will supply energy to 
neighbouring communities. It will be of interest to note that within a 
radius of 40 miles of the power house site, there is an aggregate population 
of 200,000 inhabitants; within 100 miles, 1,500,000; and within 150 miles 
4,000,000 inhabitants. 

The engineering' work was done under the supervision of the well 
known engineer, Mr. Hugh L. Cooper of New York. 



183. Plant of Winnepeg Electinc Railway Company. 

(Head 35 ft.) 

•This plants which is illustrated in figure 325, is situated on the Winnipeg 
River, 65 miles from the city of the same name. 




Fig. 326. Winnipeg, Plant, Manitoba. 
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Canal and dam. The canal is 120 ft. wide, and the water flowing in it 
has a clear depth of 8 ft. at normal low water. It is 8 miles long, with a 
slope of 5 ft. per mile. The dam is built at a point where there is a natural 
fall in the river bed. 

Power house. The water wheels are of the McCormick horizontal 
shaft type, and they are regulated by Lombard governors. These wheels 
are direct connected to four 1000 kw. and five 2000 kw. revolving field 2300 
volt, 60 cycle three-phase generators. There are, besides, four exciters of a 
total capacity of 550 kw., delivering direct current at 125 volts. Two of these 
are coupled to turbines, two are coupled to three phase 2300 volt induction 
motors. There are 15 transformers by means of which the voltage is stepped 
up to 60,000 volts and the current is transmitted to the substation at Winni- 
peg, 65 miles distant. 



184. Cedar Falls Plant, Wisconsin. 

(Head 48 ft.) 

The Chippewa Railway Light and Power Company's station of 10,000 kw 
is located on the Red Cedar River, 6 miles north of Menomie. The flow 
of the Red Cedar River is regulated by a system of 13 lakes, extending 
about 80 miles above 
Cedar Falls, and their 
storage capacity amounts 
to about 6,000,000 cu. ft. 
of water. The flow of the 
river itself varies from a 
minimum of 1500 cu. ft. 
per sec. to a maximum of 
7500 cu. ft. per sec. 

Dam. This is a rein- 
forced concrete structure 
of the Ambursen type, 
502 ft. m length, built 
of 28 bays, each of which 
is approximately 18 ft. 
wide. The spillway section 
is 252 ft. long and carried 
on 19 reinforced concrete 
buttresses, each 3 ft. thick 
at the base and tapering 
to 14 in. thick at the crest 
slab. The average, width 
of the dam at the base 
formed by the footings 
of these buttresses is 80 ft. 
The upstream deck which 
is supported at a 45** 
angle is made up of rein- 
forced concrete slabs 30 in. 
thick at the bottom and Fig. 327. Sectional Elevation of Cedar Falls Power House. 




Fig. 326. Cross-Section of Hollow Concrete Dam at 
Sluice-Gate Bay. Cedar Falls Plant. 
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Fig. 328. Plan of Power House. Cedar Falls Plant. 



12 in. thick at the top. 
are provided with sluice 




Fig. 329. Cross-Section through 
High-Tension Gallery. 



The four spillway bays nearest the power house 
gates discharging from the bottom of the fore- 
bay through 7 ft. X 14 ft. openings controlled 
by hand-operated gates, and operated from 
within the dam chambers (fig. 326). The crest 
of the spillway is provided with flash boards 
of the self leveling type, raising the level of 
the pond 2 ft. 

Power house. The building (fig. 327 and 
328) is a molded concrete structiu'e, 138 ft. in 
length and 55 ft. in width. It accomodates 
four 2500 kw., turbo generator sets, each of 
2500 kw. capacity, and two turbine driven 
exciter units. The transformer and high tension 
structure is located on the eastern end and 
contains the oil switches, lightning arresters 
and other apparatus. The switch board is 
mounted on a gallery overlooking the generator 
floor. 

Turbines, The water passes through screens 
from the f orebay into the rectangular penstocks 
down to the water wheels. The latter have 
52.5 in. runners and are of a capacity of 
3600 HP at 48 ft. head. The outer ends of the 
turbine shaft are carried in oil bearings, and 
are accessible for inspection. The down stream 
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bulkhead of the dam structure forms one wall of the turbine chambers, the 
rear bearing of the turbine shaft being reached by a passage beneath the 
deck of the dam. All of the turbines are controlled by Allis-Chalmers oil 
governors. 

Oeneratora. Each water-wheel is direct-connected to a 2300 volt 60 
cycle alternator, generating 3 -phase current. There are 3 exciter units, 
two water-wheel driven, and one motor-generator set. The turbine imits 
are 100 kw. 125 volt direct current generators, running at 600 r. p. m. 

The current from the generators is stepped up to 33,000 volts by means 
of oil-insulated, water-cooled, transformers, of which there are two banks 
of three 1666 kilo volt-ampere units. ^ 

Transmission line. This plant operates in parallel with the 1200 kw. 
plant of the same Company at Menomie, the 710 kw. plant and 300 kw. 
steam relay at Eau Claire and the 1000 HP plant at Chippewa Falls. These 
are interconnected by a 33,000 volt transmission system, which is extended 
40 miles south of Menomie. The transmission line is a wooden pole line, 
and is protected by an overhead ground wire. 



185. McCall Ferry Hydroelectric Development 

(Head 53 ft.) 

The Susquehanna River, from which the power is obtained, has • a 
catchment area of 26,766 sq. miles above the dam. 

Spilltuay. This has a total length of 2500 ft., is of the ogee type, 53 ft. 
high at the top and 65 ft. wide at the bottom. It is built of concrete, the 
total quantity deposited in the dam having been 174,000 cu. yds. Fig. 329. 

Power hoiise. The power house is located at an angle of 42 degrees with 
the axis of the dam, and is placed adjacent to the Lancaster shore. The 
tail race is protected from overflow of the Susquehanna River by means 
of fender walls. The forebay is protected against floating debris and ice 
by means of a rock-filled ramp about 550 ft. long and perpendicular to the 
shore. Submerged arches, extending from the rockfilled ramp and the 
junction of the power house and the dam protect the forebay. Two floating 
booms are also provided. The maximum velocity of the water through the 
forebay entrance is 1.5 ft. per sec. Further protection is obtained by 11 
arches on which rest the outer walls of the power house (see fig. 331). Here 
another ice chute is provided, the first one taking care of the forebay. Be- 
fore entering the wheel pit the water passes through steel racks 55 ft. long. 
From the space behind the racks the water enters by four openings 6 ft. by 
16 ft., which lead to the wheel pit. 

The building itself is a concrete structure 500 ft. long. It accomo- 
dates 10 main units spaced 40 ft. apart, and two exciter units. It is divi- 
ded transversally into 3 rooms, the generator room 48 ft. wide, the screen 
and gate room 56ft. 8 inches wide and a two-story transformer room, 
50 ft. wide. The transformers are in the lower story, whereas the switch- 
ing apparatus is located in the upper story. Each turbine unit, described 
in paragraph 99, has a capacity of 13,500 HP at 80% gate opening 
with 53 ft. head. The wheels are of the Francis type and regulation is 
effected by movable vanes in the distributors. Each machine is direct 
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connected to a 7500 kw. 11,000 volt, 25-cycIe, 3-phase generator. The 
exciters are of 1000 kw. each, generating 250 volt direct current at 
240 r. p. m, 

MkthmHm^fimtK* Discharge per lin. ft. will be from 
^^rn^^*»5 3^Qg ^^ g^^Qg ^^ j^ according 

""*■"■""■"-— *^ as bottom of river back of dam 

/' «5^*^ changes from 113.0' to 139.6'. 

^■"^S^jfev^ thereby affecting the velocity of 

•^^. approach. 

Note:— All calculations are based 
upon a section 1' long. In calcula- 
tions pressure of backwater against 
face of dam and weight of falling 

water over- dam are neglected. 
Area of dam above £1. 106.0 = 
2354.0 sq. ft. or 87.2 cu. yds. per lin. ft. 



Ufttfunwn 




Fig. 330. Cross-Section of McCall Ferry 
Dam, showing (imputations. 



The McCall Ferry plant' is located within 65 miles of Philadelphia, 
40 miles from Harrisburg and Baltimore, 43 miles from Wilmington and 
50 miles from Washington. It is estimated that an actual total amount of 
steam power of 750,000 HP is located within the commercial radius of 
this plant. 

186. Ingeredsfors Plant, Sweden. 

(Head 59 ft.) 

The power station at Ingeredsfors deals with a normal discharge 
of 1630 cu. ft. of water per second at a head of 59 ft., and contains 3 gene- 
rating sets each of 2750 HP supplying 3-phase current at 4000 volts 50 cycles, 
to three single phase 40,000 volt transformers. Energy is transmitted 
over a hne 56 miles in length at 40,000 volts to the Molndal sub-station, 
at the Gothenburg end of the line, where about 8000 HP are transformed to 
suitable pressures for distribution among the many cotton and paper mills 
and other factories in the Gothenburg suburbs of Molndal, Krokslatt, 
Garda, etc. At the further sub-stations of Krokslatt and Garda in Gothen- 
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burg City, the pressure of the 3-phase current from the Mohidal trans- 
former station is reduced from 10,000 volts to 210 volts and 400 volts and 
distributed by means of overhead cables. At the Varberg transformer 
station, of 2400 kw^ rating, the line pressure is reduced to 4000 volts and 




the energy led to the sub-station in the town through two underground 
cables. There the pressure is reduced to 800 volts to supply energy to the 
motor net-work, and a storage battery is installed. The Varberg electricity 
works of which this substation forms a part, also contain a complete 2750 HP 
steam turbo-generator plant. This is intended to act as a reserve or stand- 
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by in case of disturbances or low water at Ingeredfors, in which case the 
transformers would have to step up the e. m. f . to 40,000 volts to assist the 
main line. 

187. Sioux Falls Development, South Dakota. 

(Head 60 ft.) 

Dam and intake. The motive power of this plant is derived from the 
Sioux River, South Dakota, its average flow being 250 cu. ft. per sec. 

The dam has a maximum height of 8 ft. with approximately 600 ft. of 
spillway. The intake is provided with a submerged arch which prevents ice 
and other floating matter to enter the forebay and clog the screens. From 
this intake, a penstock 7 ft. in diameter and 680 ft. in length, with a plate 




Susquehanna River 



Main SpiUway Total Lmth 2600 Feel Abutmei 





Fig. 332. McCall Ferry Development. 

thickness of | inch, carries the water to a surge tank situated about 25 ft. 
from the power house. The surge tank is 62 ft. high and 16 ft. in diameter, 
and serves for water regulation purposes. From this a steel pipe 9 ft. in 
diameter leads the water to the wheels in the power house. 

Power house. The power station accomodates four 500 kw. turbo- 
generators, one 50 kw. motor driven exciter, a 50 kw. turbine driven exciter 
and two 150 kw. railway motor generator sets. The main generating imits 
which were supplied by the Allis Chalmers Company, consist of 3-phase 
60 cycles 2300 volt machines turning at 300 r. p. m. If future conditions 
so demand, the plant will be operated under an 80 ft. head. For this pur- 
pose provision is made for installing long draft tubes extending in long 
bends and supported by concrete piers. The plant, being located within 
the city limits, power is developed without transformer stations or trans- 
mission lines. The outgoing lines which supply current to operate the street 
railway system and other industries, consist of four 3-phase, 2300 volt 
lines, and six single phase 2300 volt Hues. 
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188. 



Kijkkelsrud Plant, Norway. 

(Head 60 ft.) 




This hydroelectric de- 
velopment is located about 
38 miles southeast of Chri- 
stiana, the capital of Nor- 
way. The waters of the 
River Glommen are utilized 
for this purpose, and this 
river offers the advantage 
of many natural lakes as stor- 
age reservoirs. The drain- 
age area is approximately 
16,000 square miles. 

Intakes. Water is carri- 
ed to the forebay of the 
power house by means of a 
canal 2300 ft. long and 40 ft. 
deep. The canal intake con- 
sists of two sluice gates, each 
divided into two sections. 
They can be either hand or 
electrically operated. The 
forebay is 420 ft. long and 
is provided with 3 sluice 
gates to discharge anchor 
ice and sediments, a spill- 
way located at one end is 
330 ft. long and takes care 
of sudden flood waters and 
floating ice. 

Penstocks. These are 
at right angles to the fore- 
bay, protected by screens 
and operated by gates from 
the top of the forebay wall. 
They are 9.8 ft. in diameter 
and imbedded into the con- 
crete. Each is provided with 
a geared butteriPly valve at 
the turbine casing entrance. 
There is one penstock for 
exciter, 6.5 ft. in diameter. 

Power house. The build- 
ing is 150 ft. long and 50 ft. 
wide. It accomodates 3 main 
turbo-generator sets , and 
two exciter sets. Two of the 
turbines are of the inclosed 
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vertical Francis type, of 3000 HP capacity with a speed of 150 r. p. m. 

Their regulation is obtained by a governor hydraulically operated. The 

other two turbines are of the same type but have a capacity of 3750 HP. 

Each of the turbines drives a direct-connected generator of a capacity of 

2000 kw. for the 3000 HP wheels and 2500 kw. for the 3750 HP wheels. 

Three-phase current is generated at 50,000 volts 50 cycles. 

^______^___ • Three are 2 exciter sets, 

W^''Ynn\''^ \ direct connected, of 182 kw. 

capacity and generating 
direct current at 115 volts. 
The transformer and 
switching room is located 
behind the generator room ; 
the switchboard is located 
on a gallery 16.5 ft. above 
the main floor. There are 
three transformers for each 
2000 kw. generator, their 
capacity being 950 kw. 
each and their voltage 
5000/20,000. ' They are of 
the aircooled oil type. The 
other two generators are 
connected to four 3-phase 
transformers of 2250K.V.A. 
capacity. These are of the 
water-cooled oil type and 
wound for 5000/50,000 volt. 
Transmisaion lines. The 
total length of the 20,000 volt 
transmission line is 53 miles, 
there being 7 sub -stations 
along the line, stepping the 
voltage down to 5000 volts. 
The conductors have a cross 

section area of 50 sq. m.m. for a distance of 38 miles, this area being reduced 

to 35 sq. m.m. for the remaining 15 miles. 

The poles are made of wood, 40 ft. high and buried 6 ft. into the ground. 

The 50,000 volt line is used exclusively to transmit energy to Hafslund. 




Fig. 336. Plan of Power-House Bulkhead and Flume, 
Erindale Power Company. 



189. Erindale Power Company's Plant Canada. 

(Head 60 ft.) 

This station is located at Erindale, on the Credit River, 4 miles 
from Ontario. The river has a minimum flow of 120 cu. ft. per sec. 

Dam. A dam has been built across the river and is 700 ft. long. It 
comprises a 100 ft. spillway 34 ft. high the remainder being an earth 
embankment. 

Tunnel, The water is conveyed to the power house by means of a tunnel 
900 ft. long and 12.5 ft. in diameter. 
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Power house. The station contains two water wheels of the com- 
bined-impulse and reaction type, 50 inches in diameter, developing 840 HP 
each, with a speed of 200 r. p. m. They are direct connected to a 13,200-volt 
60-cycle, 3-phase generator. (Fig. 336-337.) 

Transmission lines. A single circuit of No. Aluminium wire is car- 
ried on a wooden pole line. The potential is stepped .down to 2200 volts, 
2-phase, by means of T-connected transformers rated at 300 kw. each and 
located in a substation at West Toronto. 



190. Marble FaUs Plant Texas. 

(Head 70 ft.) 

On the Colorado River, in central Texas, a system of three power 
developments is being contemplated with an aggregate output of 20,000 HP. 

The Marble Falls plant, which forms part 
of the system is nearly compleled luid energy 
will be transmitted to Austin, Temple and San 
Antonio. This development comprises an im- 
mediate output of 1650 HP, which \^ill be in- 
creased to 9650 HP later on. With the storage 
area of 116,000 acre ft. impuonded by an SO ft, 
dam across the San Saba River a niinimuin 
flow of 740 cu. ft. per 
sec. is assured. 

Dam. This structure 
Fig. 338 is of the con- 
crete compartment type , 
748 ft. long at the top 
and 700 ft. long at the 
base. The masonry spill- 
way, 400 ft. long, rises 
to a height of 65 ft. 
Flash boards 5 ft. high 
are also provided. The 
buttresses of the spill- 
way section are 10 ft. 
apart, and those in the 
power house section are 
spaced 14.5 ft. The 
35 sluice gates, each 

7.5 ft. X 8 ft., are built of 9 in. channels reinforced by beams and covered 
with I in steel plate. 

Power house. This building, which really forms part of the main dam, 
is built to a height above any possible high water (Fig. 338). 

Three 550 HP Victor vertical water wheels, direct connected to 350 kw., 
2300 volt, 60 cycle 3-phase alternators are installed. 2200 HP units will 
be placed later on. The power will be transmitted at 66,000 volts over a 
maximum distance of 130 miles. 




Fig. 337. Bulkhead Flume and Croes-Section of 
Power House. Erindale Power Company. 



Digitized^^'GoOgle 



356 



Oescription of Hydroelectric Plants. 



191. 



r ^ ^ ^ ^ ^ 



j^&^ir 




Sluice Gate Section of Dam. 
Marble Falls Plant. 
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Vertical Section through Power House. 
Marble Falls Plant. 



Great Falls Power Plant 

(Head 72 ft.) 

The Great Falls Power plant, 
which is owned by the Southern Power 
Ck)mpany, derives its energy from the 
Catawba River, at a point called 
Great Falls, where a spillway dam has 
been construoted. The drainage area 
above these falls is 4200 sq. miles. 

Spillvxiy dam. The main spillway 
is 438.8 ft. long at the crest and has 
an average height of 30 ft. and a width 
at base of 41 ft. The spillway dam in 
the canal is similar in design, 521.2 ft. 
long at the crest and 36 ft. high with 
a width at the base of 37.75 ft. The 
main dam has a height of 90 feet and 
the width at the top is 8 ft. The up- 
stream face is vertical and the down- 
stream face is battened 1| to 1. 

Powerhouse, The station is 250 ft. 
long and 37 ft. wide. The switch and 
transformer house, which forms an 
adjoining two-story building is 85 ft. 
long and 75 ft. wide. There are eight 
main units, each consisting of a pair 
of horizontal turbines, with top inlet 
and central discharge. They have a 
capacity of 5200 HP, with a speed of 
225 r. p. m. They are direct connect- 
ed to 3000 kw. 2300 volt 60 cycles 
alternators. The exciters imits are of 
700 HP capacity each, making 450 r. p. 
m. and generating 400 kw. at 250 volts. 
The cross -section through the power 
house is illustrated in fig. 340. 

The switchboard is located on a 
platform, and is composed of two 
transformer panels, two double cir- 
cuit feeder panels and 
one station panel. 
There are besides two 
blank panels for future 
use. 

The transformers, 
12 in number are ar- 
ranged in four banks 
of 3 each. Their capa- 
city is 2000 kw. and 
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are of the oil-insulated water-cooled type. The ratio of transformation is 
2300/44,000 volts. 



Pmi 




Fig. 340. Sectional Elevation of Great Falls Power Plant. 

Transmission lines. Energy is transmitted from the Great Falls station 
to the Catawba sub-station by means of a three-phase circuit composed 
of six strand cable with hemp core equivalent to No. 000 and supported 
by galvanized two-circuit steel towers, which are spaced at approximately 
420 ft. apart. 



192. Hydi'oelectric Plant of Cervara. Italy. 

(Head 75.5 ft.) 

This plant has been constructed on the River Nera in order to furnish 
power to the electro-chemical works of Narni. 

The discharge of the river is approximately 1400 cu. ft. per sec. 

Intakes. The forebay consists of six intakes, 6.5 ft. in dia. each one 

with its corresponding steel gate admitting the water to an open canal 

of trapezoidal cross section, having a slope of 0.001, 

1420 ft. long, 6.5 ft. deep and an average width of 

39 ft. This canal ends at a settling basin, connecting 




Pressure Pipes 
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with it by means of 5 locks. A by-pass permits to shut off this basin in 
case repairs are to be made. The racks project nearly 6 ft. above water 
level. 

Pressure pipes. There are two penstocks, 11.5 ft. in dia. and 1700 ft. 
long conducting the water to a pressure tank. In this tank there are twelve 
gates, 9 of which in groups of 3, feed two pressure pipes each; one pipe 
per tmit of 2200 HP. In this manner the 9 gates command the 6 units ; two 
other gates command two turbines of 1000 HP and the 12th gate corresponds 
to the exciter set. The main pressure pipes are of riveted Siemens Martin 
steel Iq in. shell thickness. The exciter pipe has a diameter of 5.75 ft. An 
expansion joint is located on ea<;h pipe Une (see fig. 341). 

Power house. The generator room is 216.5 ft. long and 49.2 ft. wide; 
it accomodates 6 horizontal reaction turbines of 2200 HP, directly con- 
nected to 1900 kw. alternators. 
These as well as the two 865 kw. 
units, generator 3-phase current 
at 3750 volts 42 cycles and runs 
at 250 r. p. m. Two 75 kw. ex- 
citers furnish current of 125 volts 
at 500 r. p. m. by means of com- 
mon bus-bars. There is a third 
exciter of 150 kw. capacity run 
by a 240 HP induction motor. 
The current generated by the 
alternators is stepped up to a 
tension of 27,000 volts by means 
of 1900 kw. star wound air-cooled 
transformers. 

The switchboard, composed 
of 9 panels, on which are mount- 
ed the usual instruments, is situated on a platform which dominates the 
generator room. 

Transmission line. The current is transmitted at 27,000 volts over 
two separate circuits eight and a half miles in length, and consists of 6 con- 
ductors No. 1 B. & S. 

The insulators are mounted on steel towers spa<;ed about 300 ft. apart. 
The minimum clearance between the conductors and the ground is 24 ft. 
In the electro-chemical works of Nami, there is located a sub-station in 
which the current is stepped down according to the needs of the plant. 




Fig. 342. Cross-Section of Power House. 
Cervara Station. 



193. High Falls Plant 

(Head 85 ft.) 



Wise. 



This plant was developed in order to supply the electric power to 
Green Bay, Wise, and other adjoining towns. The Peshtigo River on 
which this plant is located has a length of some 90 miles with a fall of nearly 
a thousand feet. The river discharge varies from 300 cu. ft. per sec. to 
700 cu. ft. per sec. at flood times. 

Dam, The aggregate length of the dam is 4500 ft., and is made of a 
main concrete section extending over a length of nearly 900 ft., which is 
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tied to the shore by means of earthen wing walls. The height of the dam 
is 45 ft., and its base width 64 ft. Flood discharge is taken care of by means 
of a 180 ft. spillway of the ogee type. A log chute also is provided in accor- 
dance with the provision of the Wisconsin State law ; its width is 8 ft. and 
its length 260 ft. The wing walls are of gravel and earth with a concrete 
core wall. Their width at the top is ten ft., the upstream slope is 1 to 3 
and the down stream alope 1 to 2. The available head r^^^^aJ^^s^ 

created by the dam is 85 ft., and the storage capacity tm^ 
859,805,000 cu. ft. 




Fig. 343. Sect km through Power House and 
Headworks, Hlvh Falls Plant- 



Intakes, The water is admitted to the pipe lines through double verti- 
cal lift gates, operated by electric motors. Flood gates are provided also, 
being 6 in number, with an opening 12. ft. X 12 ft. These are operated 
by a hand hoist mounted on a track and in such a way is made to handle 
any of the gates. , 



sUfii^ftagr 




Fig. 344. Spillway Section at Tainter Gate. High Falls Plant. 

Pipe lines. Five riveted steel pipes, 8 ft. in diameter and 80 ft. long, 
I" plate, carry the water to the main turbines. Screens are provided, as 
well as filler gates, and the vent pipes are 10 inches in diameter. The ex- 
citer pipes are 3 ft. in diameter, and the intake design provides for 2 future 
units. 

Turbines. The power house, see figure 343, is a two story structure, 
136 ft. long and 83 ft. wide. It contains at present 5 — 1000 kw. turbine 
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Fig. 349. Pressure Chamber. Vizzola Plant. 



Fig. 348. Cross-Section of Das^. Vizzola Plant. 
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generator sets. The turbines are rated at 1900 HP. These are of the hori- 
zontal shaft type with twin runners. They are controlled by oil governors, 
and use is also made of fly wheels to overcome momentary load fluctua- 
tions, their inertia being 80,000 ft. lbs. 

Generators, Each turbine drives a 1000 kw., 2300 volt 25 cycle, three 
phase generator running at 375 r. p. m. Two exciter-sets are also pro- 
vided, and consist each of a 200 kw., 120 volt direct current generator, 
driven by separate horizontal shaft, single-runner, spiral case turbines, of a 
rated capacity of 375 HP at 500 r. p. m. The output of each exciter is suffi- 
cient for the entire plant. The switchboard is placed on a gallery over- 
looking the generator room and the switches are on the second floor. The 
transformers are of 1110 kw. capacity, oil insulated, water-cooled type, 
by means of which the current in stepped up to a tension of 66000 volts. 

Transmission line. Tfiere is one tower Une, 62 miles in length carrying 
two circuits. The conductors are six strand hemp center copper cables, 
equivalent to No. B. & S. gauge. They are hung on suspension type 
insulators from the cross-arms of steel towers 60 ft. in height as illustrated 
in fig. 345. 

194. Stave Fails Plant. Canada. 

(Head 90 ft.) 

This plant has recently* been put in service by the Western Ca nada 
Power company. The Stave River from which water is derived flows 
out of Stave Lake which will eventually provide an available storage of 
14,000,000,000 cu. ft. 

Dam, This structure which in reality is a sluice dam, is 160 ft. long 
and 62 ft. high, providing five sluiceways 22 ft. in width each. The in- 
take dam which is of concrete has a length at the crest of 145 ft. a height 
of 75 ft. and a top width of 40 ft., fig. 346. 

Pipe lines. The two main pipe lines are 165 ft. long and 14 ft. 6 in. 
in diameter. The two penstocks for exciters are 4 ft. in diameter. 

Power house. The Stave Falls Plant power hqjose is 110 ft. long and 
104 ft. wide, and accomodates two 13,000 HP turbines direct-connected 
to 7500 kw. generators. There are also two 500 HP turbines direct con- 
nected to the exciter units. See Fig. 346. 

There are furthermore six 60,000 volt 3000 kw. step up transformers 
which will deUver current over a double transmission line. The ultimate 
capacity of this plant will be 50,000 HP. 

195. Vizzola Development. Italy. 

(Head 92 ft.) 

This plant of 20,000 HP capacity is one of the most important develop- 
ments in Italy. Its layout is shown in fig. 347. 

The necessary water power is furnished by the Tessin River, between 
Somma and Vizzola. The distance between these two localities is 18.6 miles, 
ydih a fall of 98 feet. 

Dam and Canal. The dam has a height of 42 feet and is 214 ft. long, 
fig. 348, and is provided with gates of 6700 cu. ft. per second discharge 
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Fig. 350. 
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Cross-Section through Canal. 
Vizzola Plant. 



capacity. The gates are hand operated and 30 in number. The canal has 
a slope of 6 feet per mile, and the average velocity of the water is 4.6 ft. 
per sec. The water is carried to the pressure chamber and before arriving at 
the latter, passes over a concrete-canal bridge. Fig. 251. 

Pressure pipes. From the 

^ lit tin * •'* V uo '*"' 

^^^ ' : ' pressure chamber, Fig. 349, the 

water is carried to the tur- 
bines by means of 12 pressure 
pipes, all protected by screens. 
The gates are hand operated. 
Power house. The power 
house is 306 ft. in length and 
61 ft. in width. It contains 10 turbo-generator sets, one of which serves 
as a reserve unit. 

There are also two exciter sets. Eight of the turbines were built by 
Riva, Monneret and Co., two by the firm of J. Voith. They are of the hori- 
zontal shaft type and run at 

$ •"--■■' 

r 



187 r. p. m. Each turbine has a 
capacity of 2000 HP, and drives 
a revolving field alternator, gene- 
rating three phase current at 
11,000 volts 50 cycles. The ex- 
citer furnishes 1300 amperes at 
110 volts. 

Transmission lines. The 
transmission Unes are carried 
over steel towers. Transformer 
stations reduce the voltage to 
3600 volts. The distributing 
system has an aggregate length 
of 162 miles. 

The current is sold for 77.2 
dollars a kw. year to ^consumers using less than 5 kw., and 30.80 dollars 
for consumers using over 700 kw. for each day of 12 hours. 

This plant runs in parallel with the plant at Turbigo, of 3000 HP capa- 
city, and the Castellanza plant, 5500 HP, which acts as a steam reserve. 




I L.iWUi Illl l 4 w 



Fig. 351. 



Cross-Section of Canal-Bridge. 
Vizzola Plant. 



196. Central Georgia Power Co's Hydroelectric Plant 

(Head 100 ft.) 

This plant is located midway between Atlanta and Macon, in Gteorgia. 
The necessary power is derived from the Ocmulgee River, which like other 
streams of the same region, is shallow and has a fall of about 4 ft. to the mile. 

Dam, The necessary operating head is obtained by means of a con- 
crete dam and adjacent earth embankments, having a total length of 
1720 ft. The structure is located in a narrow part of the stream, the width 
from shore to shore at that section being about 300 ft., the height above 
foundations varying from 35 to 127 ft. One part of it, 420 ft. long, has the 
form of a spillway, the crest of which is 3 feet below the crest of the dam 
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proper. Provision is mstde for flashboaxd along the entire crest of the spill- 
way. Two permanent hand operated sluice gates are located next to the 
power house. 

Penstocks. These are built of solid concrete, as shown in the cross- 
section of the power house, Fig. 352 ; they are 12 ft. square, with the comers 
cut off; they terminate in a wheel chamber formed by the casing of the 
turbine. 




Fig. 352. Vertical Section on Center Line of one of the Main Units. 
Central Georgia Power Co. 

Power house. The power house is 194.6 ft. long and is composed of two 
floors, the width of the lower being 28'- 4'', and the width of the upper 
floor 46'- 4''. The frame is a steel structure, with brick curtain wells. 
Room is provided for six water wheel units, of the McCk>rmick horizontal 
type, each consisting of a pair of runners 39 in. in diameter, equipped with 
Smith wicket gates. Their capacity is rated at 5500 HP at a speed of 300 r. p. 
m. under a head of 100 ft. The units are spaced 25 ft. center to center. 
Each unit is connected to a 3000 kw., 2300 volt, 3-phase 60 cycle generator. 
The exciters, of which there are two, have a capacity of 250 kw. and gene- 
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rate current at 250 volts. These machines are directly connected to their 
respective water wheels, 24 inches in diameter, rated each at 660 HP with 
a speed of 550 r. p. m. The transformers and high tension switching appa- 
ratus are located on the upper 
floor, whereas the main switch- 
board is placed on a gallery 
overlooking the generator room , 
fig. 353. 

Transmission line. The , 
current generated is distribut- 
ed over a radius of 60 miles. 




*Mi^ 



Fig. 353. Transverse Section of Power House, 

showing Exciters and C!ontrolling Apparatus. 

Central Georgia Power Co. 



Fig. 354. Cross Section of Dam 

at Sluice. Central Georgia 

Power Co. 



covering thereby the territory in which are located numerous cotton mills 
and other industries. For this purpose, the current is transmitted at a 
tension of 66,000 volts over a line supported by steel towers. 



197. Wolf Creek Plant, United Missouri River Power Co. 

(Head 114 ft.) 

This plant, which is also known under the cognomen of Capital City 
plant, is located about 30 miles north of Helena. The Missouri River at 
this point passes through a short and narrow canyon, the width of which, 
along the foundations of the dam built in this channel is 700 ft., whereas 
the total top length of the dam is almost 1400 ft. 

Dam, This structure has an average height of 130 feet from the founda- 
tions to the bulkhead section, and is capable of sustaining a head of 114 ft. 
It is of concrete, with imbedded rock in the more massive sections. The most 
notable feature of this dam is that it is provided with an inspection tunnel 
and a complete drainage system (see fig. 255), The dam is also provided 
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with a bridge and flashboard system, consisting of removable planks mani- 
pulated either from tlye bridge or from a floating barge. 

Penstocks. Tliere are 7 main penstocks, and 3 exciter penstocks each 
feeding one unit. These penstocks are imbedded in the concrete masonry, 
their upper openings being controlled by 
electrically operated steel gates. As each 
penstock is independent, any one of them 
can be stopped with a stop log, thus 
closed for inspection or repairs. 

Power house. The edifice is on the 
west bank of the river, and built parallel 
with the line of the dam, while the trans- 
former house is perpendicular to the di- 
rection of the dam ; the power house con- 
tains 7 main and 3 exciter units. Each 
hydraulic machine is composed of 2 run- 
ners, mounted on a single shaft, and each 
is of 8800 HP capacity at full gate open- 
ing. Each wheel is provided with its in- 
dividual scroll case and both wheels dis- 
charge into a common draft tube. The go- 
vernors are of the Lombard vertical type. 

Each turbine is direct connected with a 5000 kw. three phase machine 
generating current at 6600 volts. There are besides 3 exciter units and 
one auxiliary unit, each direct connected with spiral case water wheels. 




Fig. 355. Cross-Section of Dami 
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¥i§, 356. CroiS'SeetiDn tlirougb Dam and Generator 
Room of the Wolf Creek Station. 



The transformers and other high tension apparatus are located in the 
transformer house. A cross-section through the power house is sho\\ii in 
fig. 356. 

Transmission line. The electrical energy generated at the Wolf Creek 
Station is transmitted at 70,000 volts, and combined with the energy gene- 
rated at the Hauser Lake and Canyon Ferry Plants, owned by the same 
Company. The line is composed of two circuits, and is located on private 
right of way. 
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Fig. 357. General layout of the Schaghticoke 
Development. 



Fig. 358. Cross-Section of Dam. 
Schaghticoke Development. 



Fig. 359. Plan of Dam and Intake. 
Schaghticoke Development. 
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' Fig. 360. Cross-Section through Canal Intake. 
Schaghticoke Development. 






Fig. 3fl'.^'^ero^-Section through 
Schaghticoke Power House. 



Hoosic River Development Schaghticoke. New York. 
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198. Hoosic River Develjopment, Schaghticoke. 

(Head 150 ft.) 



New York. 



This plant is interesting not only from the technical, but also of the 
power market point of view : within a radius of 21 miles is situated Schenec- 
tady, the home of the General Electric Co. 

The general layout of the development is illustrated in fig. 357. 

The Hoosic River, which furnishes the necessary power, rises in the 
Berkshire Hills, Mass., and discharges into the Hudson River about 14 
mile's from Troy, and 90 miles from its source. Its drainage area above 
Schaghticoke is about 600 sq. miles. The discharge of the river varies from 
1 00 cu. ft. per sec. in^the dry season to 17,000 cu. ft. per sec. (Oct 1907). 




Fig. 362. Plan and Section of the Schaghticoke Power House. 

Dam and intake. The dam is of the ogee type, fig. 358, about 680 ft. 
long, its height varying from 21 to 24 ft. above the ground. It is made of 
concrete mixed in the following proportions : 1 part cement, 3 parts sand, 
and 5 parts of broken stone. The lake created by this dam extends over 145 
acres and its storage capacity is about 1230 acre feet; this is fed by another 
reservoir at Johnson ville, five miles up stream, the latter's capacity being 
8640 acre ft. A system of flash boards has been adopted in order to raise 
the crest of the dam by 3 feet. The canal intake consists of eight 6 x 9 ft. 
gates. The canal itself measures about a half a mile in length and carries 
the water to a second concrete structure, protected by racks and an ice 
chute. The penstock which starts from this points, has the form of an in- 
verted siphon, about 850 ft. long, 12.5 ft. in diameter, built of steel riveted 
plates Q in. thick. This penstock carries the water to a cylindrical surge 
tank, also of steel, 40 ft. in diameter and 56 ft. high. 

Pressure pipes. From this tank, 5 steel pipe feeders extend down to 
the power house, 4 for the main units and 1 for the exciter set, the diameter 
of the main pipes being 6 feet and that of the exciter pipe 2 ft. All these 
pipe lines are provided with expansion joints. 

Power house. This measures 55 ft. in width and 156 ft. in length. 
The sub-structure is of concrete, the superstructure has brick walls rein- 
forced by a steel frame. It contains 4 turbo generator sets. The turbine 
are of the Francis vertical shaft type, rated at 5000 HP under a head of 
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146 ft. and a speed of 300 r. p. m. They are directly connected to their 
respective 3000 kw. alternators generating 3-pha8e current at 4400 volts, 
40-cycle8 and 300 r. p. m. The exciter units consist of two 150 kw dynamos, 
type M. P. C. General Electric Co., generating 250 volt direct current at 
600 r. p. m. These machines are driven by 250 HP horizontal shaft Pelton 
Francis turbines and furnish 600 amperes at full load. 

The switchboard composed of 11 panels is located on a gallery above 
the generator room. About 150 kw. at 4400 volts are used at Schaghticoke 
for local consumption. The rest, or a httle less than 12,000 kw. is trans- 
mitted to Schenectady. There are 4 transformers of 3000 kw. capacity, 
4400/32,000 volts. 





Fig. 363. Schaghticoke Transposition 
Tower. 



Fig. 864. Dam, Intake and Sedimentation Basin. 
Durauce River Development. 



Transmission line. There are two circuits of 000 conductors, and the 
current is transmitted to a sub-station located at the G. E. works. These 
two 3-phase lines are supported by steel towers. Between the plant at 
Schaghticoke and the sub-station at Schenectady there are 197 towers, ot 
which twelve are of partial transposition, and 6 of complete transposition. 
The main towers are 37 ft. high. Three special towers about 96 ft. high 
are used near Schenectady, whereas for the crossing of the Hudson River, 
towers nearly 76 ft. high have been used. 



199. The Durance River Plant France, 

(Head 164 ft.) 

This plant, located at Ventavon, in the extreme eastern part of France, 
was built with a view of feeding the electrical system supplying the region 
between Avignon and Marseilles. 
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Fig. 365. Vertical Section through Turbine Durance River Development. 




Fig. 366. Plan of Turbine Durance River Development. 



MulUr, Hydroelectrlcal Engineering. 
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The water is diverted from the Durance river, a stream noted for the 
excessive amount of detritus and mud which it carries. Therefore the intake 
fig. 365 ; has been designed rather as a mud catch basin. 

Dam. This is a curved masonry structure made of three parts as shown 
in fig. 364: gateways, spillway and dam proper. On the side nearest the 
forebay, three sluice ways are provided in which metal gates are operated. 
The smallest gate, placed against the spillway, has for object the passing 
of ice and floating debris. The spillway is 175 ft. long. The canal intake 
is composed of 8 gateways, the gates of which are each composed of three 
leaves intended to be operated independently. 

The forebay has a concrete lined floor and a number of pipes end to 
it, opening upward and flush wath the floor. These pipes are connected 

to a feed main, which 
takes water from the 
river above the in- 
take and passes it 
through these open- 
ings to sluice away 
the sediment. 

The canal, which 
is trapezoidal in form 
with an area of about 
322 sq. ft. is 8.7 miles 
long with a fall of 
1.28 ft. to the mile, 
and carries 1975 cu. ft. 
per sec. 

Penstocks. The forebay proper is located 1320 ft. from the power house. 
Four 14.8 ft. gates admit the w^ater to the penstocks 7.51 ft. in diameter. 
Two additional penstocks 3.3 ft. in diameter supply the water to the 
exciter sets. 

Power house. The building is 285 ft. long and 67 ft. wide. It accomodates 
our main turbines of 6200 HP each and two 300 HP exciter turbines. The 
main turbines illustrated in fig. 364 and 365, are of the Francis type with 
horizontal twin runners 4.6 ft. in diameter and a normal speed of 300 r. p. m. 
The casings are of spiral form, built up of four pieces, each casing supplying 
a pair of runners which discharge into separate draft tubes. 

Four means of regulation are provided: automatic oil control, hand 
operated hydrauUc pump, hand operated screw and electrically driven 
screw. 

The alternators are 4500 kw^ machines, generating at 7500 volts and 
are direct-connected to the turbines by means of a semi-flexible coupling. 
The transformer house is connected to the power house by an under- 
ground conduit through which the feeders pass. 

The current is stepped up to 55,000 volts by means of 12 water-cooled 
oil transformers. 

The transmission line is 37 miles long and connects this plant with 
the one at Brillane. 




Fig. 367. Shawinigan Falls Power Plant. 
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200. Shawinigan Falls Power Plant Canada. 

(Head 170 ft.) 

This power plant is situated on the St. Maurice River, about 90 miles 
from Quebec. The St. Maurice River, which has a total' length of over 
400 miles, has a drainage area of 18,000 square miles and is supplied from 
several lakes. The flow varies from 20,000 to 
26,000 cu. ft. per sec. 

Intakes. The intake canal is 100ft. wide, 20 ft, 
deep and 1000 ft. long. The end of the cantil is 
closed by a concrete wall from which the water 
is carried to the wheels by means of steel pen- 
stocks 9 ft. in diameter. The concrete wall i^ 
40 ft. high, 12 ft. wide at the top and 30 ft. wide 
at the bottom. The head gates 
which form part of it are operat- 
ed by hydraulic cylinders. 

Power Jurase, The power 
house, fig. 367, contains 3 double 
units of 6000 HP, of the hori- 
zontal type. They are direct 
connected to 5000 HP generators 
of the rotating field type, giving 
two-phase 30-cycles current at 
2200 volts, and 180 r. p. m. 

Two water wheels of 10,500 HP each, and driving 6600 kw. generators 
have been installed later, bringing up the total capacity of the plant to 
38,000 HP. 




Fig. 368. Section through Dam and Valve 
Chamber, Urfttalsperre Plant, Germany. 




Fig. 369. Transverse Section through Power House, Urfttalsperre Plant. 

The exciters are driven by two separate 400 HP turbines to which the 
water is carried by a separate penstock. The power is transmitted by means 
of a 25,000 volt and a 50,000 volt transmission line. 
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201. Urittalsperre Hydroelectric Plant Germany. 

(Head 230 to 360 ft.) 

This development is located at Heimbach on the Rur and draws its 
energy from the river Urft which has a drainage area of 145 sq. miles above 
the dam. 

Dam, The dam, fig. 368, is made of cyclopean masonry, 190 ft. high, 
the width at the bottom being 165 ft. and at the top 17 ft. The structure 
is arched in plan with a total length of about 1000 ft., 300 ft. of which 
are used for spillway. Two discharge pipes are provided at the bottom 
of the dam for the purpose of drainage. 

Tunnel. A tunnel of 8850 ft. length and 60 sq. ft. cross-section area 
is cut through the mountains, and conveys the water to a collecting basin, 
which at the same time serves the purpose of a stand pipe. From here, 
two. pressure pipes carry the water to the power house. 




y!« [ Fig. 370. Cross Section of Turbine, Urfttalsperre Plant, Heimbach, Germany. 

'^ Power hovrse. The Urfttalsperre power house is a masonry structure 
96 ft. long and 75 ft. wide. There is a separate switching room 75 ft. by 
30 ft. The turbo-generator units are placed in two parallel rows as indi- 
cated in fig. 369. The generator room accomodates six units consisting of 
double flow horizontal Francis turbines with a capacity of 1560 PH at 230 ft. 
head and 2000 HP at 360 ft. head. The speed is 500 r. p. m. 

They are direct connected to 1370 kw., 5000 volt, 50 cycle, 3-phase 
generators. There are also two exciter units of 200 HP each running at 
900 r. p. m. The exciters have a capacity of 135 kw. and deUver direct 
current at 225 volts. The voltage is raised to 34,000 volts by means of the 
transformers. 

Transmission line. There are four Unes: 38.6, 24.0, 16 and 21 miles 
respectively in length. The poles are built of structural steel. The com- 
plete hydro-electric transmission system, including the. transmission lines 
cost approximately $ 2,500,000 (dollars). 
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202. Hydroelectrtc Plant at Straiigfjoi^. Norway. 

(Head 290ft.) 

This plant is located about 80 miles north of Bergen, at the head of 
the Strangfjord, the water storage being obtained in a chain of six lakes. 

Dam, A masonry dam, 321 ft. in length, has been constructed at the 
outlet of the lower lake. Sluice gates raised by hand regulate the quantity 
of water delivered to the turbines. 




Fig. 371. General Plan of 
Strangfjord Main Set. 



The water is carried about 1640 ft. through a wooden conduit having 
a cross section of 7.6 x: 5 feet and a slope of ^^q, then through a tunnel 
656 ft. in length to the penstock, whence it is carried down to the power 
house by means of 4 riveted steel pipes, 36 inches in diameter and 
1230 ft. long. 

Power house. The power house, fig. 371, accomodates one Francis 
water turbine rated at 3000 HP, directly connected to a pair of Dick Kerr 
direct current generators operated in parallel, and generating 8000 amperes 
at 275 volts. The speed is 300 r. p. m. The regulation of the turbine is 
effected by an oil pressure governor connected by a by-pass, which opens 
when the turbine is shut down suddenly. There are 28 movable guide 
vanes on the turbine. They are opened and closed by means of a steel 
ring which carries a number of sliding blocks of bronze into which the crank 
pins of the guide-blades are fitted. This ring is worked by the governor 
through a pair of levers on opposite sides of the turbine. 
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203. Plant of the Mohawk Hydroelectric Co. Ephratah, N.Y. 

(Head 300 ft.) 

The plant of the Mohawk Hydro-Electric Company is located at Ephra- 
tak, New York, and the station receives its water supply from Garoga 
Creek. On the headwaters of the creek are Peck and Garoga Lakes, which 
furnish storage for the development. 

Dam. One has been built at the outlet of Peck Lake; the length of 
the crest is 1700 ft. and its maximum height 40 ft. At the north end of the 
lake, there is a timber crib and earth fill dike, with the same height as 
the one above, but the whole length of which is 1900 ft. Both of these dams 
were built to impound the water in the lake, forming a storage capacity 
of some 1,250,000,000 cu. ft. of water. 

The forebay dam, situated 10 miles down stream has a maximum 
height of 60 ft., the length at the crest being about 750 ft. 

Tunnel and penstocks. From the forebay, the water is conveyed through 
a concrete tunnel 400 ft. long and 7 ft. diameter, thence through a conti- 
nuous banded wood stave pipe 78 in- 
ches in diameter, thence through a 96 
inch pipe of same material for 1460 ft. 
and finally through a steel penstock 
of 96 inches in diameter. A reinforced 
concrete surge tank 25 ft. in diameter 
50 ft. high has been provided and 
.located about 2300 ft. from the power 
station. 

Power house. It is a masonry 
structure 103 ft. long and 38 ft. wide, 
fig. 371, and contains three 1750 HP. 
Francis type turbines running at720r. 
p. m. and regulated by Lombard gover- 
nors. They are direct connected to 
1250 kw. 2300 volt 60 cycle 3-phase 
alternators and are provided also with 
5 ton fly wheels. The exciter unit of 
50 kw. is driven by a Pelton wheel. 
The 7 transformers are of the water-cooled, oil-insulated type, and 
the ratio of transformation is 2300/22.000 volts. 

Transmission lines. Power is transmitted to Johnstown and Glovers- 
ville, distance of 10 miles. There are four wires besides the ground wire 
and the telephone circuit, the fourth wire being held in reserve. 

The towers are spaced about 450 ft. apart, these being of the^ frame, 
four logged type. 




Fig. 372. Cross-Section through 
Mohawk Station. 



204. The 500,000 H. P. Queenston-Chippawa Project in Ontario/ 

(Heat, 305 feet.) 

An ultimate development of 500,000 hp., produced by nine 45,000-kva. 
generators, is contemplated for the Queenston-Chippawa project, wich has 



1 E. T. J. Brandon — Electrical World. Vol. 77. No. 13. 
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been under construction for about three years by the Hydroelectric Power 
Commission of Ontario. This project, which is the biggest imder way at 
the present time, when completed will utilize nearly the full drop between 
Lakes Erie and Ontario near Niagara Falls. Construction is now under 
way on half of the ultimate plant. The generators and the turbines, of 
which five have already been ordered, will be larger than any in use at the 
present time. The 50,000-hp. turbines will operate at a head of 305 ft. (93 m.). 

The five contracts which have been placed are for 45,000 kva., 12,000 volt, 
three-phase, 25-cycle, 187^/^ r.p.m. vertical generators. Three of the ma- 
chines are being manufactured by the Canadian Westinghouse Company ' 
and two by the Canadian Gteneral Electric Company. One of these is now^ 
ready for shipment. Direct -connected exciters and thrust bearings are 
mounted directly above the generators. The air system is completely in- 
closed so that the cooling medium can be taken from and discharged to 
the outside air without mixing with the air inside the station. It is an 
interesting fact that the weight of air passing through one of these gene- 
rators every three hours will equal the total weight of the generator itself. 
At full load, about 100,000 cu.ft. (2,800 cu.m.) of air per minute will be 
required. In the present installation there will be fifteen 15,000 kva., 25-cycle, 
single-phase transformers. These are connected in delta on the 12,000 volt 
side and in star on the high-tension (03,500 volt) side. Taps on this side 
allow the voltage to be changed from 110,000 to 132,000. 

Provision is made for operating on the unit system. That is, one 
generator, one transformer and one transmission line will be considered 
as a unit and each will 
be able to carry the same 
load. In case of emer- 
gency a unit may be 
operated at full load of 
one generator without 
utilizing either the high- 
tension or the low-ten- 
sion buses. The units 
may also be operated 
in parallel on either the 

high-voltage or the low- p^ 373- 

voltage bus. For this 

purpose current- limiting reactors are placed between generators on the 
12,000 volt bus. These reactors may be shunted out by means of oil 
switches in case it is desired to feed directly from one generator to 
the transformer of another generator. There is an emergency bus on the 
high side and provision has been made for an emergency bus on the low 
side if it becomes desirable in the future. Any one of the generators may ^ 
be connected to the main bus or straight through to its transformer bank. 
Likewise the transformer bank may be connected to the main bus or 
straight through to the generator. The same arrangement holds on the 
high-tension side of the transformer bank, it being possible to tie the 
outgoing lines straight into the bank, to the main bus or to an emergency 
bus. Similarly the high-tension side of the transformers can be connected 
straight through to the line, the main bus or the emergency bus (see fig. 374). ^ 
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All electrical equipment contracted for to date, except some minor 
accessories, is estimated to cost about $ 4,000,000 and will be made in Canada. 

Oenerating Station. The entire equipment belonging to one unit, 
consisting of a generator, high-voltage and low-voltage switching appera- 
tus and transformers, occupies a 50 ft. (15 m.) length of the station. The 
five units at present on order will require 250 ft. (76 m.) of the station and 
100 ft. (30 m.) more will be used for erection space and surplus equipment, 
making the building for the present 350 ft. (106 m.) long. The ultimate 
length will be about 650 ft. (200 m.). 

The main generator room will be about 60 ft. wide by 60 ft. high 
(18 m. X 18 m.). An interesting feature of the construction is that the 
floor of this room is level with the top of the generator frames. The 
space between this floor at the bottom of the generator is used for cooling- 
air ducts, power leads and low-voltage and high-voltage switching appa- 
ratus is approximately 90 ft. (27 m. x 30 m.) high. 

J. 1 I The generator leads 

jSi sr/#c^.vr ^ ^^^ beneath the gene- 

yFi awc^^/nM^fi rator-room floor to oil 

switches in an adjacent 
room on the same level. 
The low-voltage gallery 
for main and emergency 
buses is just above this 
room and the gallery for 
the low -voltage trans- 
former switches is just 
above the bus gallery. 
Leads from this switch 
gallery pass into the 
transformer room, the 
floor of which is level 
with the generator floor. 
All high-tension oil switches are on a floor above the transformer room. 
On the top floor just this are the main 110-kv. bus, lightning arresters 
and line disconnecting switches. The emergency high-tension bus is in a 
room below the oil switches and furthest from the generator room. The 
control room is above the generator room and overlooks the river. 

Hydraulic Installation, Interest attaches to the hydraulic part of the in- 
stallation on account of certain details. Among the important features which 
diverge from standard practice are the large single-leaf control gates near the 
beginning of the canal, the 50,000 hp. turbines — which are the largest ever 
built— the location of the power house, the record size of the Lamer-Johnson 
valves and the special details of ice skimmers and track racks. This plant 
takes water from the Niagara River about Vj^ miles (2.4 km.) above the falls 
and delivers it, through a canalized river and a dug canal, a total distance 
of 13^/2 miles (21.7 km.), to the power house, which is under a bluff on 
the lower Niagara River 5 miles (8 km.) below the falls. The upper 4^3 
miles (7.2 km.) of the canal is in the Welland River, the flow of which is 
reversed for that distance, the canal section, cut partly through rock and 
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partly through earth, being 8^^ miles (13.6 km.) long. A single motor- 
operated vertical-lift roller gate for the purpose of controlling or entirely- 
shutting o£f the flow will be installed at the upper end of the canal near 
Montrose, where the earth section of the canal merges into the rock sec- ^ 
tion. The combination of span and head make this gate the largest ever 
built, and particular attention has been paid to the roller design in order 
to insure bearing loads well within safe limits. The clear width is 48 ft. 
(14.4 m.), and the height of the gate is 42^1^ ft (12.7 m.). It has been 
decided to omit permanent gates in the screen house and the penstocks 
as it is thought that Johnson valves alone will be sufficient. To take 
care of any failure in the valves, removable gates made up in sections 
will be provided, which can be lowered into any penstock entrance by 
an electric traveling crane. 

An elaborate ice skimmer has been made and will be installed later 
if necessary. This consists of a reinforced-concrete horizontally pivoted 
leaf which can be raised or lowered to ^ skim floating ice of the surface 
into a discharge channel, at a same time allowing clear water to pass 
underneath to leaf. 

Turbines. The turbines are of. the vertical, spiral-case, single-runner 
type and will operate at a speed of IS?*/^ r.p.m., which means a specific 
speed of 36. The maximum guaranteed efficiency is 90 per cent, although in 
view of recent practice it is expected that this efficiency will be exceeded. 
The inlet diameter of the scroll case is 20 ft. (6 m.), and the diameter of the ' 
runner is 10 ft. 5 in. (3.1 m.) at the inlet. An open space has been left in 
the power-house foundation below the runner in ordf r that it may be taken 
out from below by removing a section of the draft tube, thus obviating the 
necessity of dismantling the generator when a renewal of the runner is to 
be made. The runners and spiral casings are cast steel, and a test pressure 
of 260 lb. per square inch ( 1 8 kg per sq.cm) is required on the latter. 

The centrifugal- head relay valve controlled by each governor will be 
installed on the generator floor, while the main automatic valve control 
will by placed directly under the governor stand at the level of the 
turbine-regulating cylinder. This arrangement has the advantage of 
requiring short piping between the main valve and the regulating cylinders 
and gives freer access for repairs and maintenance. The pressure fluid 
will be water, probably treated with bichromate of potassium to prevent 
. rusting and at the same time give a lubricating quality to the water. 

Adjacent to each generator a control pedestal will be set up, and on 
this the various indicating instruments will be mounted. The control 
room will be so connected with the local control and indicators that the 
operator on the generating floor can handle the machine while in touch 
with the chief operator. Telegraph communication similar to a ship 
telegraph and a loud-talking telephone communicating with the control 
room are the principal means of transmitting signals. In addition to this 
a lamp mounted at the top of a column over the control pedestal will enable 
the chief operator to call the floor operator to any unit as required. The air- 
brake and Johnson -valve control will also be mounted on the pedestal. 
The location of this pedestal adjacent to the governor places the control 
of all the important operations of the unit within easy reach of the operator, 
while he is at the same time in communication with the control roomOQlC 
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' 205. Ketchikan Plant. Alaska. 

(Head 340 ft.) 

The source of power is a lake about one mile long by half a mile wide. 

Dam. This is of the, **K-truss" form and closes up the valley. It 
is made of logs, 30 ft. long at the bottom and 65 ft. at the top, being 
25 ft. in height above the river bed. A flood gate, an intake and a 
spillway have also been provided. ^ 




Sectional Elevation of Power House. 



Section through Power House. 



Fig. 375. 
Hydroelectric Plant 

of 
Ketchikan-Alaska. 




Plan of Power House. 



Pipe line. This consists of 1500 ft. of 40 in. and 1050 ft. of 34 in. wooden 
stave pipe. The bands are spaced one and a half inches apart at the lower 
end of the pipe giving a factor of safety of 4. 

Power house. The building which is 50 ft. X 42 ft. is a frame struc- 
ture, resting on reinforced concrete columns. There are two 800 single 
horizontal turbines in cast iron spiral casing and with quarter turn discharge. 
They are directly connected to 600 kw., 3-phase 6600 volt 60 cycle gene- 
rators. The exciters are of 18 kw. capacity and generate current at 
120 volts. These are belt driven machines. See fig. 375. 
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Transmission line. Consists of one three-phase circuit, the conductors 
being of aluminum wire having the equivalent conductivity of No. 2 B. & S. 
copper wire. The circuit is stepped down to 440 volts by means of three 
250 kw. water-cooled transformers. 



206. Great Western Power Development. California. 

(Head 419 ft.) 

This plant is situatdji on the North Fork of the Feather River, near 
Big Bend, California. The ultimate capacity of the plant will be 144,000 HP. 
with an operating head of 520 ft.; at present the plant's capacity is 
55,000 HP under a head of 419 ft. 

The minimum flow of the river is 1200 sec. ft. 

Dam. In carrjdng out the first part of the development, a temporary 
timber diverting dam with a maximum height of 25 ft., and 316 ft. long, 
was built across the river 600 ft. below the intake tower. This is being 
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Fig STB. Cro^-Section of Power Hotis«. 
Feather River Station. 
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replaced by a concrete dam rising to about 129 ft. above the water level. 
It will be 500 ft. long at the top, thereby creating a storage rfeservoir of 
400,000,000 cu. ft. capacity. The concrete intake tower, provided with 
gates and screens has been erected at the tunnel entrance. This tower con- 
sists of a circular concrete well 28 ft. inside diameter with twelve radial 
walls projecting from the outside surface accomodating 48 gate openings, 
these being arranged in four horizontal rings. 

Tunnel. Water is conveyed to the- power house by means of a tunnel 
15,168 ft. long; 11,768 ft. of which is an old tunnel which has been enlarged 
to the proper cross section area. The grade of the old tunnel was | per 
cent and the new one has been driven on a drop of 1 in 3000. From the 
tunnel the water enters a steel header, the cross-section of the timnel being 
gradually changed from the normal to a circular shape. Emerging from 
the tunnel, the 16 ft.-9 inch header turns to an angle of 46| degrees and 
continues on a tangent for 112 A. connecting at its end with the surge pipe. 
Two drains, two man-holes and air valves have been provided. 

Pressure pipe. There are five pressure pipe connections, four of which 
correspond to the main units and one to the exciter. The main unit 
pipes are 5 ft. in diameter and the exciter pipe is two feet in diameter. 
They are about 600 ft. long. A cast steel gland expansion joint is provided 
at the upper end of each pressure pipe. 

Power house. The power house a cross-section of which is shown in 
fig. 373, is 185.5 ft. long and 74.5 ft. wide, and accomodates 4 turbines of 
the inward flow Francis type,, operating at a speed of 400 r. p. m. designed 
to develop 18,000 horse power at 520 ft., head. The direct connected gene- 
rators have the following charateristics : 10,000 kw., 11,000 volts, 60 cycles 
and 3-phase. There are two exciter sets, consisting of 500 HP impulse wheels,, 
each direct connected to a 250 kw. 450 volt direct current generator. ' The 
current is stepped up to 100,000 volts by four 10,000 kw. 3-phase water- 
cooled, oil-insulated transformers. These are delta connected. 

207. Grace Plant of the Telluride Power Co. Idaho. 

(Head 440 ft.) 

This large and important plant is located at Grace, Idaho, and derives 
its power from the Bear River, 380 cu. ft. per sec. being required. 

Dam. The diversion of the water is effected by a timber crib dam, 38 ft. 
high, 75 ft. wide and 340 ft. long with a 160 ft. spillway. The intake is cut 
into the dam, the bottom of it being 15 ft. below the crest of the dam. 

Pipe line. The water then flows through a pipe line 23,221 ft. long, 
which terminates in a 50 ft. x 76 ft. standpipe above the power station. 
The upper part of the pipe line, 4157 ft. in length, is of wood stave con- 
struction, the diameter being 8.5 ft. The rest is composed of riveted steel 
pipe, the thickness of the plate being I inch, and the diameter varying 
from 7.5 ft. to 8.5 ft. Air valves 10 inches in size have been installed at all 
high points. Four drain valves, from 8 to 10 inches in diameter have also 
been provided. The pressure pipe is of steel, the diameter varjdng from 
7.5 feet at the upper end to 6.5 ft. at the lower, the plate thickness varying 
from I inch to 1^^^ inch. 
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Power house. The Grace station building is of concrete construction, 
60 ft. wide and 140 ft. long. It accomodates two turbo-generator units, 
each consisting of a horizontal shaft inward-flow reaction turbine, rated 
to deliver 8500 HP at 300 r. p. m. ; these are directly connected to 5500 kw. 
2300 volt 60 cycle 3-phase revolving field generators. Two 100 kw. exci- 
ters have been installed, each being driven by a 37 inch Pelton wheel. 
The permissible output of each exciter is more than 70% greater than 
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Fig. 377. Section Showing Generating Unit at Grace Station. 



is needful for the two generators. Six 1833 kw. transformers with a seventh 
reserve unit, are installed on the basement floor, their ratio of transfor- 
mation being 2300/51,000 volts. These transformers are of the water- 
cooled type, and are delta-connected on the low tension side and star-con- 
nected on the high tension side, and are arranged to allow operation at 
88,000 volts. The energy is transmitted to the sub-station at Logan. 
Fig. 377 shows a section illustrating a generating unit. 



208. White River Development Washington. 

(Head 480 ft.) 

This important development is situated about 20 miles East of Tacoma, 
Washington. 

Dam. From the diversion dam, the water is carried through an 
earthen ditch about five miles long to the main storage reservoir. This 
holds enough water to operate the plant for a period of 3 or 4 months 
should no additional water be received. It is made up of several existing 
lakes, which are inter-connected and which have their capacities largely 
increased by heavy embankments and masonry dams. The flow line of the 
reservoir is about 4 miles long. , 

Tunnel and pipe lines. From the reservoir the water is carried 
through a tunnel about 3000 ft. long to the head basin. At present only 
one tunnel has been built, but eventually another will be added. From the 
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head basin a. separate steel pipe line has been built for each turbine. These 
lines are approximately 2200 ft. long, 8 ft. in diameter at the upper end 
and 6 ft. in diameter at the power house end. 

Pov)er house. This is designed for a total length of approximately 
373 ft. About 45 ft. of its width is used for the generating imits, which are 
placed along this section with their shafts in Une. Room has been provided 
for 6 units, although only two are installed at the present time. The other , 
side of the building, 26 ft. wide has been given over to the exciter units, 
pumps, toilet rooms and transformer bays. 

The two main units have a maximum capacity of 20,040 HP each, 
under a head of 480 ft. They run at 360 r. p. m. Each turbine is direct- 
conncQted to a 60 cycle, 3-phase 6600 volt generator. 

The turbine runner is of the high pressure Francis type with horizontal 
shaft. Water is admitted to the runner through a cast steel spiral casing. 

The runner which is also of cast steel, divides the water into two 
lines of flow, and then discharged from the wheel by two quarter turns to 
separate draft tubes. The flow of water to the turbine is controlled by a 
cast steel butterfly valve. 

The spiral casing of this turbine is, the makers believe, the lar- 
gest steel casting of this kind ever made. The Dutterfly valve is over 
7 ft. in diameter, and the makers believe it also to be the largest valve 
of this type ever used. The shaft carrying the turbine runner is nearly 
2 ft. in diameter and the bearings for it are* about 16 in. in diameter. 
All parts of the turbine which have to withstand the operating pressure 
of the water have been tested in the shops under a pressure corresponding to 
about 900 ft. head. To give an idea of the size and strength of the parts 
it is only necessary to state that the total testing load on the butterfly valve 
has been about 1,500,000 lbs. 

The governors for these turbines are of the Allis Chalmers standard 
oil pressure type, and the specifications call for extremely close speed 
regulation. Separate governors are supplied for each unit but a rather 
elaborate central oil pressure system has been employed. 

As this plant has to regulate the supply of energy to the whole 
system of the Pacific Coast Power Company, the problem of proper regu- 
lation is an important one. It becomes of still greater importance on account 
of the necessity of conserving the storage supply of water. To meet this 
condition, and handle the water in a way which will protect the plant from 
injury and at the same time save water, pressure regulators have been in- 
stalled. These are similar in design to those the Allis Chalmers Company 
has installed on the 18,000 HP turbines in the Great Western Power Plant, 
a design which has done excellent service on this and other installations. 

One exciter is provided for each thres units of the ultimate equip- 
ments. As the proportionate amount of the water which these wheels 
use is not large, these are of the impulse type, and governed by means of 
a deflecting hood similar to that with the exciter units of the Kern River 
No. I Station of the Edison Electric Company, built by Allis Chalmers Co. 
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209. Kern River Plant California, 

(Head 870 ft.) 

The usual minimum flow of the Kern River is 400 cu. ft. per sec., and 

although in the dry season a flow of 200 cu. ft. per sec. has been recorded, 

the installation was built on a basis of 470 sec. ft., as a steam auxiliary has 

been provided and the average flow of the river is something hke 800 sec. ft. 

Dam, This structure was built of Cyclopean concrete, and its height was 

calculated to give a depth of water of about 30 ft. back of the dam. The 

length of the dam on top is 203.5 ft. while the bottom length is only 52.8 ft. 

A drainage tunnel 365 ft. long is used to clean the resefvoir of silt. 

The entrance to it is controlled by two steel gates 9 ft. x 3 ft. 1 in. They 

are operated by hydraulic cylinders under an oil pressure of 200 lbs. per sq. in. 

Water is conveyed to a regulating reservoir by means of gravity tunnels 

inter-connected by open flumes. The total length of the conduit is 44,945 ft. 

of which 42,910 ft. consist of 19 tunnels. The velocity of the water is 9 ft. per 

sec. The regulating reservoir measures 30 ft. x 42 ft. with a depth of 8 ft. 

It is lined throughout with heavy reinforced concrete and contains the 

regulating gates and screens through which the water passes to the header. 

A spillway is also provided, and this is controlled by flash boards. 

Pressure pipes. The header is 7.5 ft. in diameter; the pressure pipes 
leading to each wheel is 28 inches in diameter whereas the exciter pen- 
stocks are 10 inches in diameter. On each main pressure pipe two valves 
are placed, one hand controlled and the other electrically controlled. 

Power house. The building is 164 ft. long and 66'- 6'' wide and 
contains four units with a total capacity of 40,000 HP. The speed of the 
Pelton wheels is 250 r. p. m. and as a single wheel to develop the power of 
each unit would have been objectionable as to size, each hydraulic motor 
is composecf of two wheels the generator being inter-coupled. 

The regulation is obtained by the deflection of the jet, this being con- 
trolled by the needle sliding in the nozzle. Esher-Wyss oil type governors 
operating under a pressure of 125 lbs. were adopted for the movement of 
the nozzle, the time of deflection to be one second. It was desired also to 
obtain a speed regulation of 5% when full nominal load was instantaneously 
thrown off with a corresponding regulation with the addition or deduction 
of partial loads. Such regulations would be equivalent to a change in speed 
of 6.36% when 25 % overload was thrown off, or 7.64 %when 50 % over- 
load was lost. The rotor was therefore designed to take care of these effects, 
and the following formula was used: 

Pxt 



in which 



^-8X10*^,^^^, 

5 = % change in speed, 
P = brake HP thrown off, 

t = time in seconds for nozzle deflection, 
= 1 in this case, 

r = revolutions per minute, 
W = weight in lbs. of revolving parts of unit, and 
R = radius of gyration of revolving parts 
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in the present case, 2iJ* is 1,800,000 lb. ft^, and this was obtained by 
increasing the weight of the generator field spider. 

The generators are of the revolving field type, three phase 50-cycle 
current being generated at 2300 volts. Their normal rating is 5000 kw. 

The exciters, of which there are two, are 250 kw., 125 direct current 
machines, with a speed of 450 r. p. m. They are direct connected to im- 
pulse wheels having automatic oil pressure governors and stationary needles 
in the nozzles. The station also contains four banks of three 1667 kw. trans- 
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Fig. 378, CroBs-SectioD of Kern River Plant No. 1 . 



formers e8W5h. These are delta-connected to the generators and star-con- 
nected to the transmission lines. The voltage is raised to 75,000 volts. 

The switchboard is mounted on a gallery near the center of the power 
house where the attendant has a clear view of the whole generator room. 

A cross-section of the Kern River plant No. 1 is illustrated in fig. 378. 

Transmission line. The length of it is 117 miles and it consists of three 
separate circuits. The conductors are of hard drawn copper, and are com- 
posed of seven strands. Steel towers are used and spaced every 700 ft. 
The insulators are of the pin-type, and 18| inches high. 



210. Plant of the Rio Janeiro Light and Power Co. 

(Mean Head 1000 ft.) 

Dam and intakes. The dam is a concrete structure, having a length 
of 656 ft. along the crest, and a maximimi height of 138 ft. The effective 
available head is derived from three conditions occurring as follows : a natu- 
ral fall of 285 ft. exists in a distance of 1000 ft; then a series of rapids in 
a distance of 6000 ft. give an additional head of 600 ft ; and finally the 
dam increases the head by an amount varying from 69 to 131 ft., accord- 
ing to the surface level in the reservoir. 
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The intake is arranged in such a manner as to permit taking the water 
at three levels as the water elevation in the reservoir will allow. Screens 
and gates are provided at the three levels, and the location of the lowest 
intake entrance is such that the head will vary by 63 ft. between reservoir 
full and reservoir empty. 

Pipes lines. The intake leads into two riveted steel pipes, 8 ft. in dia., 
supported by concrete piers 24 ft. apart. The actual maximum pressure 
head in the pipe is 57 ft. and the thickness of the pipe shell varies from | in. 
to I in. Each feeder is 1683.8 ft. long and its entrance is controlled by a 
9 ft. X 12 ft. Coffin gate. The disposition of a double pipe line thus 
permits the use of one half of the hydro-electric system in connection 
with one feeder, while the second feeder operates the other half inde- 
pendently. 

The pipe line leads through a series of tunnels and at the end is pro- 
vided with a relief pipe and valve house. From this valve house, 6 pressure 
pipes, 3 ft. in dia. lead to the main units in the power house, and one pipe 
12 in. in dia. leads to the exciter set. These seven headers are of lap-welded 
steel with flanged ends held together by bolted clamping rings. 

Power house. The power house, fig. 379, consists of a steel frame build- 
ing with brick walls finished with cement plaster. The building is 
236'-7'' long, 95'-ir' wide and 78'-!!'' from wheel pit floor to eaves. 
The basement walls and foundations are of concrete. The normal output 
of the plant is 40,000 HP and consists of six main units developing 8700 HP 
each giving a maximum unit capacity of 52,200 HP of which 9ne unit is 
considered a reserve. 

Turbines. These are of the Pelton type, and each has one single runner 
upon which streams are directed from 4 nozzles set at 90 degrees. The 
runners consist of cast steel disks to which 18 cast steel buckets are riveted. 
The fact that the maximum head is 1017 ft. and the minimum head (fric- 
tion loss considered) is 898 ft., the ratio of peripherical speed to spouting 
velocity varies from 42.7 % to 45.4 %. 

The governor is of the Escher Wyss type for high head work. To each 
turbine corresponds a governor pump, driven by a Pelton wheel supplied 
from a by-pass on the main turbine valve. 

The guaranteed regulation in speed is 3 % speed change on 25 % load 
change, 6% speed change on 50% load change, and 10% on 100% load. 
The units run at 300 r.p. m. 

• Generators and electric equipment. The generator is of the internal 
revolving field type. The stationary armature is wound for a normal vol- 
tage of 6000 volts, and the field for an exciting voltage of 250. The normal 
rating of the generator is 4000 kw. and overload rating of 5000 kw. The 
exciters consist of three 200 kw. sets, wound for 250 volts and running at 
500 r. p. m. There are six three phase banks of oil-insulated water-cooled 
transformers. The low tension winding is designed for 6000 volts and the 
high tension windings may give either 44,000 volts or 88,000 volts accord- 
ing to the kind of connections : multiple or series. The full load efficiency 
of these transformers is 98.3%. The electrical connections are shown on 
fig. 380. 

Mutter, Hydroelectrical Engineering. 25 j^-^ t 
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211. Plant of the Nevada 3Iiiiing and 3Iilling Company. 

(Head 1068 ft.) 

This plant is located on Bishop Creek, near Bishop, California. 
Dam, A small diverting dam has been constructed which conveys 
the water to a pipe line, 12,000ft. in length. The pipe line is composed of 3 
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sections : 6700 ft. of 42 in. wood stave pipe ; 2150 ft. of 30 in. wood stave pipe ; 
and 3150 ft. of 24 in. steel pipe. The latter resists a static head of 1068 ft. 
at the power house. 

Power house. This is equipped with two 750 kw., 60 cycle, 2200 
volt 3-phase alternators running at a speed of 450 r. p. m. and a .1500 kw. 
generator of the same characteristics, running at 400 r. p. m. The ex- 
citers are two in number, of 60 kw. output each and delivering 140 volt 




!?KS^ 



Sectional Elevation of Power House. 

Fig. 379b.- Hydi'oelectric Power Plant of the Rio de Janeiro Tramway, Light and Power 

Company. 

direct current. The water wheels are of the Pelton type. The two 750 kw. 
wheels have Sturgess governors; the 1500 kw. unit has a Lombard type Q 
governor. 

Transmission line. It is 113 miles long and in crossing the White 
Mountains reaches an elevation of 10,500 ft. The conductors are of stranded 
aluminium, equivalent to No. 0. copper, and energy is transmitted to 
Tonopah and Goldfield, Nev. 
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212. The Necaxa Plant of the Mexican Light and Power Co. 

(Head 1400 ft.) 

At present this is the most important development in Mexico. About 
90 miles northeast of the city of Mecixo, the Necaxa, Tenango and neigh- 
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boring rivers have cut through the mountains surrounding the elevated 
plateau of Mexico, and fall abruptly to the low country bordering the Gulf. 
The rivers come together below, within a few miles, and eventually empty 
into the Gulf of Mexico. There is a series of picturesque falls with a drop 
of 4500 ft. in 10 miles. The map, fig. 381, shows the general scheme of 
development. The water of the Tenango is diverted into the valley of 
the Necaxa by a 40 ft. dam and a tunnel 12 ft. wide, 9 ft. high and 3000 ft. 
long. This tunnel lined with concrete wherever there is not solid rock, 
is constructed with a slope of 0.004. This gives a capacity of 875 cu. ft. 
per sec, which is sufficient to carry all but the extreme flood waters of 




Fig. 381. Map showing Necaxa Development. 



the Tenango. There are a number of storage reservoirs on the Necaxa, 
the most important being the Necaxa, Texcapa and Laguna Reservoirs, 
The storage capacity respectively of each is 1,585,000,000—642,000,000 
and 700,000,000 cu. ft. The Laguna reservoir will eventually beincreased to 
a capacity of 2,450,000,000 cu. ft. by raising the dam aft^r its drainage 
area has been increased by the diversion of the Rayos river into it. It 
is estimated that this storage amounting to 4,600,000,000 cu. ft. will be 
sufficient, not only to equalize the entire run-off of the streams during 
any year, but to enable the average flow of a succession of years to be 
depended upon. 

Dam, The dams were built of earth by the hydraulic method, utili- 
zing heads up to 400 ft. The Necaxa dam is 180 ft. high, 1276 ft. long at 
the crest, with a thickness of 950 ft. at the base, and 54 ft. at the top. 

The slopes are 3 to l.on the upstream and 2 to 1 on the down 
stream faces. About 2,000,000 cu. yds. of material were required in its 
construction. 
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Intakes, The water is admitted to the pipe lines through the gates 
shown on fig. 382. In order to avoid the operation of gates and racks 
under such high pressure, two vertical stand pipes, each with five flood 
gates have been constructed, either of which will permit all the water 
required for power purposes to pass. By this arrangement it is not neces- 
sary to operate the gates or racks under a head of more than 26 ft. 
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Fig. 882. General View of Intake for Dam No. 2. Necaxa Development. 



Pipe lines. Two riveted steel pipes 8 ft. in diameter and | inch thick 
pass through the Necaxa tunnel, with sluice gates discharging into the 
river. Below this point they are reduced to a diameter of 6 ft., and con- 
tinue down stream a distance of 2200ft., 800ft. of which is through tunnels. 
Near the upper Necaxa Fall, these pipes ar§ joined by 2 receivers each 
22 ft. long and 7 ft. in diameter. From the receivers, 6 smaller pipes are 
'^arried do^^n to the power house through two incHned tunnels. On each 
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of the 30 inch pipes, there are relief valves, 30 in. diameter, pipes from which 
lead up the hillside 310 ft. to an elevation above the crest of the dam. 
All pipes are connected with the receivers through valves and a central 
gate separates the two halves of the system, so that either half can be 
shut down without interfering with the other. The expansion joints are 
of the diaphragm type and are provided in each of the 6 ft. pipe lines. 
The velocity of the water is 7.6 ft. per sec. in the upper and 15 ft. in the 
lower pipe lines when the plant is running at full load. All pipes are sup- 
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Fig. 383. Cross-Section of Power House. Necaxa Station 



ported on concrete piers throughout their length. The static head at the 
water wheel with the reservoir full is 1452 ft. which in service is reduced 
to between 1200 and 1300 ft. by the reservoir surface being lowered and 
by frictional and other losses. 

Water wheels. The building, fig. 383, which is 235 ft. long and 88 ft. 
\^ide, contains six impulse wheels rated at 7000 HP, with a maximum capa- 
city of 9000 HP making it possible to supply a peak load of 50, 000 HP from 
the station. The wheels are of 100 in. pitch diameter, run at 300 r. p. m. 
and have solid cast steel center disks to which are clamped 24 steel buckets. 
Each has two 4^ in. square, regulating nozzles, fixed on opposite sides 
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Fig 384. Standard 40 ft. Tower. 
Necaxa Transmission Line. 



of the wheels, but joined together so that they are opened and closed 
simultaneously. These machines were furnished by the Escher Wyss Co* 
of Zurich. 
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Generators. Each water wheel drives a 5000 kw. alternator of the 
revolving field type. These generate 3-phase current at 50 cycles 4000 volts. 
Two of the alternators are equipped with a 60 kw. direct-connected 125 
volt exciter, but in ordinary operation, exciting current ^yill be obtained 
from two 250 kw. 125 volt generators driven by induction motors wound 
for 4000 volts. 

Transmission lines. There are two tower lines carrying four 60,000 volt 
circuits from the power house to the city of Mexico, and two circuits from 
that city to El Oro. The conductors are No. 000 B. & S. gauge wire, sup- 
ported on porcelain insulators 14 in. in diameter. A standard 40 ft. tower 
is illustrated in fig. 384. 



213. Hydraulic Power Development of Campocologno. Switzerland. 

(Head 1450 ft.) 

Campocologno is at about 3 miles from Lake Poschiavo, on the Poschi- 
avino River, and not far from the town of Tirano, which is the terminal 
point of the Valtelina Electric Railroad. The Poschiavino river is a natural 
outlet of the above named lake, the drainage area of which is about 85 
square miles. The concession stipulates that the average level of the water 
may be elevated 1 metej?^ and lowered 7.4 meters; this difference of per- 
missible levels, considering that the area of the lake itself is 500 acres, 
insures a storage of about 530 million cu. ft. 




- t^fiit(fm 



Fig. 3H5. Siphon forming Intake of Supply Canal of Campocologno Development. 

Dam and intake. The dam is provided with 5 steel gates 13 ft. wide. 
The intake consists of a siphon, fig. 385, 270 ft. long, dipping in the lake and 
ending in a pit from whence a tunnel begins. The siphon, the diameter 
of which is 6.5 ft., extends about 200 ft. into the lake, being supported on 
trestles. The tunnel is of oval section about 8 ft. in height and width. In 
the forebay the level of the water is regulated by movable stop logs instal- 
led in one of the lateral galleries of the tunnel, permitting more or l^ss 
water to accumulate or discharge. This forebay, fig. 386, is built of masonry, 
and its down-stream opening is pierced with 6 openings grouped together 
where the headers begin. A small building contains the gates of the pres- 
sure pipes and also their vent pipes. 

Pipe lines. The inside diamefSr of the pipes varies from 2.8 ft. to 
2.46 ft. approximately, and the shell thickness is nearly ^ inch at the lower 
end. The velocity of the water inside is 11.5 ft. perse?. These pipes, the 
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lengths of which amount t6 about 3280 ft., descend in parallel vertical 
planes, have ten more or less sharp elbows which are anchored, and are 
supported at intervals by masonry pierg. The Martin steel of which they 




are made, has an ultimate strength oT 50,000 lbs. per sq. in^ with an elon- 
gation of 25 %. A series of gates is provided close to the power house, with 
by-passes to prevent freezing. 
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Power house. This consists of a building 374 ft. long by 56 ft. wide 
the superstructure being of brick and its framework of steel. The capa- 
city of the plant is about 40,000 HP and consists of 12 units of 3000 to 
3500 HP each. 




Tarbines. The turbines are of two types: Pelton wheels of Escher 
Wyss and Co. manufacture, and Girard partial admission turbines, made 
by Piccard and Pictet. The Pelton wheels have a sensitive regulator and 
an arrangement for discharge which dispenses with a heavy fly wheel; 
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this system is preferable when the variation of head is of httle importance ; 
the other turbines have slower regulators and heavier fly wheels, a system 
which is convenient for sudden and important variations of power. 




Fig. 388. Section A— A. (See Fig. 387.) Fig. 389. Section B— B. (See Fig. 387.) 

GenercUors. The 3-phase alternators,, 
the nominal capacity of which is 3000 kw. 
each at 375 r. p. m., generate current at 
7000 volts, 50 cycles. The exciters, four in 
number, are shunt dynamo 150 kw. 115 volts 
at 430 r. p. m. Each of these machines is 
A '=^:^^^^ ^ I ^ coupled to its turbine by means of an elastic 

c4sSs3 'c^p:^^^ %4,'i; :3 t cpupUng of the Zodel Voith type. 

Transmission lines. There are two out- 
going lines at 7000 volts which are carried 
in a small steel gallery across the river and 
then into a gallery of masonry, fig. 390, 
ending at a distance of 1640 ft., at the trans- 
former station of Piattamala. Beginning at 
this point, the two 50,000 volt transmission 
lines are supported on steel towers. They 
follow the valley of the Adda up to Colico, 
then run along Lake Como to Bellano, and 
through Lecco arrive at the plants of Lo- 
mazzo, 90 miles, and Castellanza 105 miles. 
In the station of Lomazzo, the current is stepped down to 20,000 or 11,000 
volts and distributed over several lines, one of which leads to the steam 
plant of Castellanza, which acts as a reserve to the plants of Tubigo, Viz- 
zola and Campocologno. 




Fig. 390. Cross -Section of Cable 
Tunnel leading across Boundary, 
between Power House, Brusio, 
Switzerland, and Step-up Station, 
Piattamala, Italy. 



214. The Boulder Hydroelectric Development. 

(Head 1830 ft.) 



Colorado. 



This plant was formerly designed as an emergency plant for the other 
plants owned by the Central Colorado Power Co., as it possesses a large 
water storage. The supply is obtained from the Middle Boulder Creek, 
the minimum flow of which is as low as 5 cu. ft. per sec. By means of the 
reservoir which has been created, and which has a capacity of 5,000,000 cu. 
ft., it is possible to regulate the flow to 37 cu. ft. per sec. 

Dam and pipe line. The storage is secured by a masonry dam 172 ft. 
high. A 36 inch concrete pipe line leads from the reservoir 12 mile away. 
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to a second reservoir at the head of the pressure pipes leading to the power 
house. This concrete pipe is laid on a grade of 0.5 ft. per 100 ft., and is 
buried into 2 feet of ground. It was reinforced as per following table: 

Number of Circumferential Bars in 3- feet Lengths of Pipe, 



Head in ft. 
to 10 
10 „ 20 
20 „ 30 
30 „ 40 
40 . 50 



Square bars 
Four J in. 
Six i „ 
Eight \ „ 
Eleven \ „ 
Eight i „ 



Head in ft. 
50 to 60 
60 „ 70 
70 „ 80 
80 „ 90 
90 .100 



Square bars 
Nine J in. 
Ten i „ 
Twelve J „ 
Ten I „ 
Twelve | „ 



In the sections where the static head ie above 100 ft., riveted steel 
pipe 39 inches in diamter and Y! thickness of plate, has been used, the plate 
being coated with asphalt. 

Another pipe line carries the water from a second reservoir system 
to the power house. This line begins 37.5 ft. below high water line of the 
reservoir. At this point it is 56.5 inches in diameter and \ inch thick. The 
diameter decreases to 52 inches, then 
to 48 inches, and finally to 44 inches 
at the lower end. 

Power house. The station build- 
ing is a brick structure with st^el 
frame,- 113'-4'' long, and 45'-0" wide. 
It accomodates two water wheels of 
the impulse type, each being rated 
at 10,500 HP. The governing is by 
deflection of the nozzles away from 
the wheel bucket, with needle ad- 
justment in the nozzle for different 
constant loads. Each water wheel is 
direct connected to a 5000 kw., 4000 
volt 60 cycles 3-phase generator. The 
transformers, located in one end of the 
power house raise the voltage from 
4000 to 100,000 volts for the trans- 
mission of energy to Denver, 29 miles distant. At the other end are trans- 
formers which step the current up to 13,000 volts for the distribution of 
energy to the mining districts in the vicinity of Boulder. (Figs. 391 — 392.) 




Fig. 391. Cross-Section of Power House. 
Boulder Plant. 



215. Manitou Development Pike's Peak. 

(Head 2360 ft.) 



Colorado. 



The hydroelectric station at Manitou is one of the most celebrated 
plants of its character in the world, the effective operating head being 
2350 feet. The station is located in a gorge at the base of Pike's Peak, 
and derives its water supply from the public reservoirs of the city of Colo- 
rado Springs, the latter being located in the Pike's Peak range of ele- 
vations of from 9000 to 14,000 ft. above sea level. 

Pife line. Water is delivered to the plant through a steel pipe line 
about 17,000 ft. long, the pipe being installed in the following sections: 
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Upper line, spiral riveted, diameter 20 in., length about 4000 ft.; middle 
line lap riveted, diameter 21 in., length about 9200 ft.; and pressure line 
double butt strapped, triple riveted and belted flanges, metallic gaskets, 
diameter 20 in., length about 3800 ft. The hydrostatic pressure on the pipe 
line at the entrance to the station is about 1020 lb. per square inch, and 
the company has given imusual attention to the hydraulic problems in- 
volved in the installation, which was owned by the Pike's Peak Hydro- 
electric Company, prior to the recent purchase of that property by the 
Colorado Springs Light, Heat and Power Company. 

Power house. The Manitou plant contains three 750 kw., 6600 volt, 
3-phase, 60-cycle General Electric revolving field alternators, ' each being 
direct-connected to an 86 in. Pel ton wheel having a normal speed of 
450 r. p. m. Water is supplied to these imits by a 45 deg. branch from 
the incoming pipe line, the supply pipe diameter being 10 in. and the nozzle 
diameter 2^^ in. There are also in service two 45 kw., 125 volt General 
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Fig. 392. Arrangement of Apparatus. Boulder Power House. 

Electric flat compounded exciters, each being direct driven at 975 r. p. m. 
by a 42 in. Doble wheel, receiving water from the branch line equipment 
suppljdng the main units. The exciter wheel supply lines are 2 in. in dia- 
meter and the delivery nozzles are §''' in diameter. The pressure end of 
the pipe line is anchored to a concrete foundation between joints and the 
lower end is equipped with four relief valves set to open at from 1200 lb. to 
1500 lb. per square inch, and discharging into the power house tail race 
through 2| inch pipes. Each main unit is provided with a gate valve, located 
in the supply branch, and driven by a | HP 125 volt direct current motor. 
The company has found that single gate valves are the only type which 
are successful under the conditions of head utilized, it being practically 
impossible to keep either double gate or wedge type valves tight. The 
wheels are controlled by an oil pressiu'e system, operated by Lombard 
governors and needle valves. 

Transmission line. This is 3.5 miles long and is composed of two Nr. 000 
circuits. The energy is transmitted at a pressure of 6600 volts. 

The distribution system of the Colorado Springs Light, Heat and 
Power Co. is illustrated in fig. 393. 
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216. Hydraulic Plant at Vauvry. Switzerland. 

(Head 3115 ft.) 

This installation is situated on the left bank of the River Rhone a 
short distance above the point where that stream discharges into Lake 
Leman. The water is taken from Lake Tanay, at an elevation of 4644.5 ft. 

and is delivered to the wheels in 
the power plant at an elevation of 
1528.8 ft- which represents a gross head 
of 3115,7 ft. 

Pipe line. The head of the pipe line 
is at an elevation of 4550 ft, which is 
65.6 ft below the normal level of the 
lake, and B4.2ft. lirlow its maximum 




S^wmP^rk 



Fig 393. DistTilvulion System of 

the Colnrfido Sprmga Light,, H^at 

and Power Company. 



level, and it terminates in a vertical shaft about 41.7 ft. deep. From the 
shaft a short gallery or tunnel 984 ft. long with a sectional area of 10.75 sq. 
ft. is built on an almost level grade. This tunnel is provided with bulk- 
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heads, pipes valves and other apparatus for regulating and controlling 
the supply of water taken from the lake; and at its end the pressure pipe 
line begins. For 328 ft., this Une is a steel pipe 2.62 ft. in diameter; then 
for 984 ft., it consists of a masonry tunnel and finally for 3936 ft. it is again 
a steel pipe, 2.62 ft. in diameter. At the end of the last section, the pipe 
branches into 3 lines, each of 1.64 ft. diameter. One of these pipes extend> 
to the power house plant but the others are plugged, and will be built to 
the power house only when the demand for power necessitates their con- 
struction. At the point of junction of the single and triple pipes the head 
of water is onjy 689 ft., but from here the descent is very abrupt. At 
this point also there is a retaining valve, and a vertical standpipe 
1.31 ft. in diameter, and 82 ft. high which relieves the water hammer 
in the pipe line above. 

The steep grade pipe-line, from the junction point just mentioned 
to the power house, is 6363 ft. long and has a fall of 2952 ft. The thickness 
of shell varies from about .275 to .45 inch, finally terminating in a Y, 
each branch of which is provided with a valve. From this Y, two 1.12 ft. 
pipes extend for a distance of 4264 ft., with shells varying in thickness 
from about .3 to .7 of an inch. The transverse joints are made as shown in 
fig. 394; and in order that the joints may be tight, a suitable gasket is 
inserted before lightening up the bolts. As the pipe line lies in a trench 
following the surface grades, it has many bends; and to provide for 
these, the wedge shaped pieces shown at b are inserted at the joints. 
The sections of pipe used varied 
in length from 16.4 feet to 32.8 ft., 
and weighed from about 1760 lbs. to 
about 2500 lbs. Each branch of the 
pipe line Jias at its lower end a slide 
valve provided with a by-pass, to per- 
mit it to be operated by hand. 

Power house. The power house is 
a steel building 45.9 ft. by 216.5 ft. 
in plan. The two pipe lines described 
terminate underneath its main floor : 
and each suppUes water to two wheels, 
all of which are of the impulse 
type. Two makes of wheels were 
installed, one of which is shown in 
Fig. 395. 
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Fig. 394. Detail of Joint Con- 
nection for Pipe Line of 
Water -Power Plant at 
Vauvry, Switzerland. 



Fig. 395. Detail of Wheels supplied by 

the Soci6t6 de Ck>n8tructions Mtoiniques 

de Vevey, for Vauvry Water-Power Plant, 

Switzerland. 
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Each wheel is suppUed with watet through two nozzles, one above the 
other, the upper one of which is provided with a device actuated by a go- 
vernor, for controlling the supply of water. A vertical diaphragm divides 
the end of each nozzle into two openings, as shown. The pipe from which 
these nozzles are suppUed rises vertically from the main, and is opened 
and closed by a hand valve, above which it divides into two branches, one 
leading to each nozzle and each opened and closed by a hydraulic valve 
controlled from the operator's platform on the floor above. 

Each wheel is mounted on the shaft of an alternator, and operates 
at 1000 revolutions per minute. The dynamos are each of 500 HP capacity. 

The installation is intended to supply electricity for Ughting and power 
purposes to a large number of Swiss towns and villages in the valley of 
the Rhone. 

217. Poglia River Plant Italy. 

(Head 4600 ft.) 

A new 60,000 HP installation utiUzing a water- fall of 4600 ft. of the 
Poglia River for the benefit of the city of Milan is now in construction. The 
Poglia is a tributary of the OgUa River, and rises in the Adamello moun- 
tains. The full head of 4600 feet is utilized in two steps. There are 
two stations, at Isola and Cedegola respectively. The station at Isola is 
fed with water through a conduit leading to a forebay, and a pipe system, 
which discharges into the turbines. The conduit has a length of one mile and 
is circular, 71 inches in diameter. Of the four pipe conduits projected two 
are now completed. The pipes begin with a diameter of 31.5 inches and a 
shell thickness of 0.28 inch; in the lower portion the diameter is diminished 
to 29.53 in. and 23.6 in. and the thickness of the shell increases to 1.26 in. 
The upper portion of the pipe is riveted, and the lower portion is lap- 
welded. The whole system is buried 8 ft. deep to prevent freezing. Seven 
generators, each rated at 7000 HP fitted with 500 HP exciters, are 
projected ; four of these units are now being installed. The whole hydraulic 
part of the plant-pipes and turbines is being furnished by Escher-Wyss 
& Company and Professor Prasil of Zurich has designed a new regulation 
system for the turbines in order to meet the pressure fluctuations. The 
energy generated is transmitted at 12,000 volts to the lower station at 
Cedegolo. This station is fed both by the discharged water from Isola 
and by independent sources, and as there was no suitable space for a 
collecting reservoir on the precipitous rocks, the collecting basin was plan- 
ned as a cellular structure in ferro-concrete, and consists of 140 cells arranged 
in three tiers one above another. From the basin two pipes, each 40 
inches in diameter, lead down to Cedegolo, where 5 units, each rated at 
4500 HP, Jiave been put up. The main switchboards and transformers are 
at Cedegolo. The energy to be supplied to Milan will be transmitted at 
72,000 volts by an overhead line, 75 miles in length. When this scheme is 
completed Milan will receive a total of 320,000 HP from hydroelectric plants. 



MuUer, Hyd reelect rical Engineering 26 y^-^ t 
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218. The Water Powers of the United States, 

According to the latest census of the U. S. Geological Survey, the 
estimated aggregate stationary power, steam, water and gas, now in use 
in the United States, is probably over 30,000,000 horse-power ^ The Geo- 
logical Survey has estimated the national minimum flow water powers at 
36,916,215 horse-power, and the aggregate, which it is estimated can be 
developed on a basis of 6 months flow, is nearly 67000000 horse-power. 

To convey an idea as to the distribution of the enormous water 
power resources of the entire country, the reader is referred to Table L XXIII, 
taken from the Report of the Commissioner of Corporations on water power 
development in the United States, presented in 1912. 

Table LXXIII. BepoH of Commissioner of Corporations on ucUer-power 
development in the United States^ 1912, 

Potential water powers in the United States, by States, as computed by the United 
States Geological Survey and as revised by the Bureau of Corporations. 



Potential horsepower 

on basis of 90 per 

cent efficiency. 



Biinimum 



Assumed 
maximum 



Potential horsepower 

on basis of 75 per 

cent efficiency. 



Minimum 



Assumed 
maximum 



United States .... 
North Atlantic States: 

Maine 

New Hampshire . . . 

Vermont 

Massachusetts . . . 

Rhode Island .... 

Connecticut .... 

New York 

New Jersey .... 

Pennsylvania .... 
South Atlantic States: 

Delaware 

Maryland 

District of Columbia 

Virginia 

West Virginia . . . 

North Carolina . . . 

South Carolina . . . 

Georgia 

Florida 



32,083,000 



61,678,000 



26,736,000^ 



51,398,000^ 



532,000 

162,000 

113,000 

142,000 

7,000 

86,000 

1,244,000 

53,000 

331,000 

6,000 
51,000 

6,000 
590,000 
457,000 
693,000 
552,000 
449,000 

9,000 



971,000 
295,000 
206,000 
273,00P 
16,000 
164,000 
2,637,000 
127,000 
821,000 

13,000 

146,000 

13,000 

1,144,000 

1,261,000 

1,050,000 

812,000 

752,000 

16,000 



443,000 

135,000 

94,000 

118,000 

6,000 

72^00 

1,037,000 

44,000 

276,000 

5,000 
43,000 

5,000 
492,000 
381,000 
578,000 
460,000 
374,000 

8,000 



809,006 
246,000 
172,000 
228,000 
13,000 
137,000 
1,698,000 
106,000 
684,000 

11,000 
122,000 

11,000 
870,000 
1,151,000 
875,000 
677,000 
627,000 

13,000 



* Report of the U. S. Commissioner of Corporations. 1912. 
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North Central States: 

Ohio 

Indiana 

Dlinois 

Michigan 

Wisconsin .... 

Minnesota .... 

Iowa 

Missouri 

North Dakota . . 

South Dakota . . 

Nebraska 

Kansas 

South Central States: 

Kentucky .... 

Tennessee .... 

Alabama 

Mississippi .... 

Louisiana .... 

Arkansas 

Oklahoma .... 

Texas 

Western States: 

Montana 

Idaho 

Wyoming .... 

Colorado 

Arizona 

New Mexico . . . 

Utah 

Nevada 

Washington . . . 

Oregon 

California .... 



Potential horsepower 

on basis of 90 per 

cent efficiency. 



Minimum 



Assumed 
maximum 



71,000 

52,000 
280,000 
216,000 
430,000 
278,000 
192,000 

86,000 
105,000 

51,000 
285,000 
130,000 

99,000 
555,000 
611,000 

88,000 
1,000 

26,000 

90,000 
306,000 

3,299,000 

1,394,000 

927,000 

1,010,000 

1,071,000 

192,000 

892,000 

206,000 

5,918,000 

3,777,000 

4,109,000 



213,000 
141,000 
414,000 
852,000 
804,000 
593,000 
458,000 
195,000 
248,000 
90,000 
439,000 
323,000 

236,000 

913,000 

1,132,000 

75,000 

2,000 

73,000 

253,000 

661,000 

5,197,000 
3,080,000 
1,566,000 
2,036,000 
2,038,000 

527,000 
1,581,000 

331,000 

10,376,000 

7,935,000 

9,382,000 



Potential horsepower 

on basis of 75 per 

cent efficiency. 



Bfinimum 



59,000 

43,000 

192,000 

180,000 

358,000 

232,000 

160,000 

72,000 

88,000 

43,000 

196,000 

111,000 

83,000 
463,000 
509,000 

32,000 
1,000 

22,000 

75,000 
255,000 

2,749,000 

1,162,000 

773,000 

842,000 

893,000 

160,000 

748,000 

172,000 

4,932,000 

3,148,000 

3,424,000 



Assumed 
maximum 



. 178,000 
118,000 
845,000 
293,000 
670,000 
494,000 
382,000 
163,000 
207,000 
75,000 
366,000 
269,000 

197,000 
761,000 
943,000 

63,000 
2,000 

61,000 
208,000 
551,000 

4,831,000 
2,567,000 
1,305,000 
1,697,000 
1,698,000 

439,000 
1,318,000 

276,000 
8,647,000 
6,613,000 
7,818.000 



SUMMARY. 



North Atlantic States 


2,670,000 


4,910,000 


2,225,000* 


4,092,000* 


South Atlantic States ' 


2,813,000 


. 5,107,000 


2,344,000* 


4,256,000* 


North Central States 


2,079,000 


4,270,000 


1,733,000* 


3,558,000* 


South Central States 


1,726,000 


3,342,000 


1,438,000* 


2,785,000* 


Western States 


22,705,000 


44,049,000 


18,996,000* 


36,707,000* 



* This total is arrived at by deducting one-sixth from the total of the 90 per cent 
efficiency basis; the sum of the items column exceeds the total by 7,900 horsepower, 
due to the fractional gains in making one-sixth reduction for the individual States. 

The same authority reported 4,016,127 horse-power in actual use, of 
which 2,961,549 H.P. were classed as commercial and 1,054,578 H.P. as 
manufacturing. Only those plants of 1,000 H.P. or more capacity are 
taken into account. In the same report, it was estimated that the ag- 
gregate capacity of plants of less than 1,000 H. P. was about 2,000,000 H. P., 
making a total, in round figures, of 6,000,000 H. P. developed horse-power 
for the United States. 

M. O. Leighton^ estimates (year 1915) that the total water power 

* The Water Power Resources of the United States. Proceedings of the Second 
Pan American Scientific Congress. Washington 1916. 
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development in the country, excluding plants of less than 1,000 H.P. 
capacity is in round numbers 4,600,000 H. P. The data, classified by States, 
is shown in Table LXXIV. 

Table LXXIV. Capacity of developed water lowers in the United States, 

Capacity. Capacity, 

horsepower horaepower 

Alabama 86,460 Nevada 10,660 

Arizona .' 27,890 New Hampshire 120,108 

Arkansas New Jersey 7,200 

California 601,425 New Mexico 

Colorado 69,965 New Yorit 715,500 

Connecticut 60,250 North Carolina 91,000 

Delaware North Dakota 

District of Columbia Ohio 4,025 

Florida 5,000 Oklahoma 

Georgia 173,427 Oregon 76.120 

Waho 116,415 Pennsylvania 169,632 

Illinois 65,450 Rhode Island 

Indiana 14,370 South Carolina 200,497 

Iowa 121,400 South Dakota 

Kansas '6,800 Tennessee 62,000 

Kentucky Texas 

Louisiana Utah 64,950 

Maine 310,450 Vermont 97,545 

Maryland Virginia 51,320 

Massachusetts : 182,220 Washington 328,530 

Michigan 133,102 West Virginia 21,400 

Minnesota . . 183,015 Wisconsin 205,492 

Mississippi Wyoming 

Missouri 18,000 

Montana 238,400 Total 4,640,208 

Nebraska 



219. The Work of the United States Geological Survey. 

The Geological Survey, in one of its branches, makes systematic stream 
measurements throughout the United States for the purpose of obtaining 
precise data regarding all its water resources. The hydrographic operations 
of this Corps may be divided into three distinct classes*: 

1st: The measurement of surface streams; 

2nd : Surveys of sites for, and estimates of capacity and cost of reser- 
voirs ; 

3rd : The study of the quantity and movement of underground waters. 
The work of ascertaining the flow of a stream consists in: 

a) observing and recording daily the height of the water; 

b) measuring the quantity of flow at different heights; 

c) computing the probable flow at each height or stage of the stream. 

The Geological Department has issued the following regulations*, the 
work of compilation being mainly based on the records and reports of its 
numerous hydrographers. 



^ Water supply and Irrigation paper No. 56 of the U. S. Geological Survey. 
* Hydrographic Manual of the U. S. Geological Survey. 
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« « 

Oeneral statement: The regulations which govern all work dons by 
the U. S. Geological Survey require that all original records of data col- 
lected shall be filed for public reference at the office of the Survey, in 
Washington. These records should be so clear and full in all respects that 
they will be intelligible at any time to engineers and other persons who may 
desire to consult them. 

Duties of district hydrographers and engineers. In order to systematize 
stream measurements, the country has been divided into districts, each of 
which has been placed under the supervision of a district hydrographer or 
engineer. It is the duty of this officer to superintend all stream measure- 
ments in his territory, and he is held responsible to the chief engineer 
for the character of the work done by the men under him. He should 
have immediate supervision of all the^ more important features of the 
work which cannot be entrusted to his assistants. The stream-gauging 
work, which is carried on in connection with the investigation of irrigation 
projects, should be imder the direct charge of a man designated by the 
district engineer, through whom he shall report. This man should be held 
responsible for the proper execution of all stream measurement work, and 
all data concerning such work must be transmitted through him. 

Care in keeping records. As the work of the Grovemment is for the 
general public, it is subject to more severe criticism than the work of private 
engineers. It is therefore essential that great care be taken in the work and 
that every possible excuse for criticism be eUminated. All necessary notes 
should be taken in the field, and, as a special precaution^ at the end of 
each day's work notebooks should be reviewed and amplified while the 
facts and conditions are still fresh in the mind of the hydrographer or engi- 
neer. Careful cross references should be made, and sketches to show the 
relative locition and details of special features should be freely used. 

Computing field notes. Original computation of all field notes should 
be made when possible, in the field, or the notes should be computed at 
as early a date as possible, and in no case should the hydrographer allow 
large quantities of undigested data to accumulate. 

Checking of records. All records and notebooks should b3 examined 
and checked before they are transmitted to the Washington office. In 
order to fix the responsibility for errors each book or sheet should be 

stamped and initialed "Computed by ", "Computations checked by 

-: ", "Examined by ". All records are carefully examined at 

the Washington office, and if incomplete they will be returned to the 
district engineer or hydrographer for correction and amplification. 

Duplicate records. The district hydrographer may cause to be prepared 
such duplicate copies of original notes as may be necessary for reference . 
in his office. Too muck duplication should be avoided. The original records 
may be loaned at any time from the files of the Washington office. 

Transmission of data to Washington office: All data; correspondence 
and other material from each hydrographic district should be transmitted 
through the district hydrographer or engineer to the Washington office. 
This material should be initialed by the district hydrographer or by some 
one designated by him. With the exception of single gaugeheight and dis- 
charge measurement cards, mailed as postal cards, all data sent should 
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be accompanied by a letter stating the amount and character of material 
furnished. No data will be accepted by the Washington office which is 
not O.K.'d by the district hydrographer or by some one designated by him. 

Standard forms. As far as possible, standard forms furnished by the 
survey should be used in transmitting data. Such information as can not 
be written on these forms and cards may be transmitted on the separate 
sheets of paper furnished by the Survey. These sheets should be of the 
standard size, 8 by 10 inches, as this is the size for which the file boxes of 
the Washington office are designed. Pieces of paper of odd sizes should 
not be used either for drawings or for reports>NSketches and maps accom- 
panying reports should, whenever possible, either be on paper of standard 
size, or should be folded to conform with this silje in order that they may 
be filed with the written reports. / 

The following is a list of the forms which have been adopted for ge- 
neral use in hydrographic work. These are intended both to minimize and 
simplify the work. Whenever forms become too numerous they lose their 
usefulness. Every effort has therefore, been made to reduce the number of 
forms to a minimum and to prepare these in the simplest manner possible. 

List ot standard forms. 

dange height forms. 

Form 9 — 176. — Gauge-height cards, for transmitting observer's daily 

gauge reading to the resident and district hydrographer, to be 

forwarded to the Washington office. 
Form 9 — 175. — Observer's gauge height books, for recording daily 

gauge heights at stations. 
Form 9 — 212. — Daily gauge height form, for tabulating daily gauge 

heights arranged by months, with sufficient space for one 

year's records. 

Discharge measurement forms. 

Form 9 — 198. — Current meter notebooks for recording notes of dis- 
charge measurements, vertical velocity curves, and other meter 
work. 

Form 9 — 221. — Card for reporting discharge measurements to the 
Washington office. 

Form 9 — 207. — For tabulating discharge measurements for regular 
stations with spaces for all necessary data. 

Form 9 — 223. — For tabulating miscellaneous discharge measurements. 

Form 9 — 244. — For describing the method of and for reporting mis- 
cellaneous discharge measurements made by floats, to be used 
in regular work. 

Computation forms. 

Form 9 — 192. — For tabulating daily gauge heights and their corre- 
sponding discharges, with spaces for totals, monthly means, and 
nm offs. This form provides for one year's records, arranged 
by months. 

Form 9 — 210. — For tabulating station rating tables. 

Form 9 — 206. — For tabulating meter rating tables. 
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Beport forms. 

Form 9 — 197. — Description of river stations to be used for describing 
both temporary and permanent stations. 

Form 9 — 237. — ^For reporting the conditions at river stations and 
giving the cost of maintenance. 

Form 9 — 213. — For reporting changes and other information in regard 
to river stations. 

Form 9 — 171. — Monthly report on river stations. 

Form 9 — 245. — Monthly report of services, giving daily employment. 

Voui^ers and miscellaneotis forms. 

Form 9 — 230. — ^A blank form ruled for miscellaneous tabulation. 

Form 9 — 904. — Cross section notebook. 

Form 9 — 903. — Level notebook. 

Form 9 — 253. — Index blanks for notebooks. 

Form 9-M)19a — Sub vouchers. 

Form 9 — 009. — Service vouchers for field men. 

Form 9 — 005. — Field vouchers. 

Form 9 — 015. — ^Traveling expense vouchers. 

Form 9 — 918. — Expense account notebook. 

Aside from these forms, which are in general use, there are several 
forms which are used in the Washington office in special work, hydrO- 
graphers desiring forms for any purpose will kindly forward a description 
of what they want, and they will^ as far as possible, be suppUed. 

Instructions tor use ot forms. 

Observers' gauge height books (form 9 — 175). In the observers' gauge 
height books are recorded the daily stage of rivers, together with miscel- 
laneous information, such as data in regard to floods, ice, weather con- 
ditions, etc. The observer should be instructed and trained to keep the 
books in as legible condition as possible, and to insure this the hydro- 
grapher should inspect the gauge height book at each visit to the station. 
At the end of each year the observer should be furnished with a new book 
and the old one should be returned to the district hydrographer's office, 
where it should be examined, checked, and forwarded to the Washington 
office for fiUng. 

Qauge-heighi cards (form 9 — 176). — Gauge height cards should be made 
out at the end of each week by the local observer and mailed to the district 
hydrographers office, where they should be carefully examined. In this 
examination all missing data, such as the date, name of station, river, 
State etc., should be supplied. The gauge heights should be compared with 
the gauge heights for previous weeks to see that no unaccountable changes 
due to error in reading the gauge, have been reported, and the column for 
means should be filled in. A copy of the data on the cards should be made 
for the office of the district hydrographer and the originals should then 
be forwarded to the Washington office. 

Current meter note books (form 9 — 198). In these books are recorded 
tl^e field notes of discharge measurements and vertical velocity curves. . 
In all cases the original data should be written in the book at the time of 
the measurement. In no case should it be copied from rough notes in other 
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books. Explanatory notes, cross references, and sketches should be added at 
the end of each day's work. The blank spaces at the head of each page are ta 
be fUled in; also the columns for the original data. In the column headed 
*' Depth of observation" the exact depth for each observation should be 
recorded; *'at 0.6 depj/h" is not sufficient; the position of the initial point, 
edges of water, edges of dead water, and number of channels should be 
stated ; also the direction and force of wind, roughness of the bed, and any 
other factors on which the accuracy of the work depends. A statement of 
the reUability of the results should be made in the notes. If the measure- 
ment is not made at the station, the approximate distance and a brief state- 
ment of the conditions at the places of measurement should be made. The 
velocity at the water's edge and at the edge of piers, shoals etc., should 
be estimated and recorded. The cross section pages at the end of the book 
are to be used for sketches and additional explanatory notes. Cross reference 
notes should be made referring to these pages. A sample page of current 
meter notes with the computations for same has been shown in the chapter 
on stream measurements, page — . 

Discharge measurement cards (form 9 — 221). — These are to be made 
out by the hydrographer and sent to the local office when the measurements 
are computed. Care should be taken to fill out all portions of the card. 
Special attention is called to the remarks and the portion for "gauge verified 
and found". Measurement is not complete without this data. Either "at 
permanent station", "temporary station" or "miscellaneous measure- 
ments" should be crossed out so that the card shows at once to which class 
of measurements it belongs. All cards should be carefully examined before 
they are sent to the Washington office. 

Form 9 — 213. In order that the office may keep a complete and syste- 
matic record of all the changes and additions at river stations such as new 
gauges, bench marks, changes in the river bed, equipment, etc., this form 
has been prepared. It is to be used in sending to the office any data in re- 
gard to* the regular river stations which affect the measurements or the 
station in any way. These forms are filed with the regular data for the 
station, and are necessary in order that the Washington office may 
thoroughly understand the conditions under which the station has been 
maintained and the measurements made. 

Description of river stations (form 9 — 197). Special care should be 
taken in filling out the description of stations. The description should 
be so clear that, with it, a stranger could go to the locaUty and be able to 
continue the work of the station. The name of the station should be care- 
fully chosen, and it should definitely locate the station with respect to some 
of the prominent features in the vicinity, as above or below some creek or 
tributary, at a certain bridge, near a certain township Une, etc. If there 
has ever been another station on the same stream in the vicinity of the new 
station, the relative location of these two stations should be stated, and, if 
possible, the relation of the zeros of the two gauges. In order to facilitate 
the preparation of rating ciurves it is desirable that care be taken in pre- 
paring a sketch of the cross section of the stream. This, with the other sket- 
-ches, may be made on cross section paper and attached to the description. 
It is also desirable to cut from a topographic sheet or some other map a 
section which will show the location of the station. 
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Indexing notebooks. All notebooks should be carefully indexed on 
the regulation blank 9 — 253 before they are forwarded to the Washington 
office. The index slip should be left loose in the book, in order that the 
file clerk may more readily check the contents. It will then be pasted on 
the cover. The following shows a sample of the indexing: 

9—253 Department of the Interior. 

United States Geological Survey. 

Hydrographic Records. 
Kind of notes, Current- Meter. 
File No., 6399. 

Date received, February 1, 1904. 
Hydrographers, Chandler^ E. i\ and Richards, R. 



Stream. 



Locality. 



State. 



Date. 



Page. 



Red River of the North 



1903. 




S.5 

n 

S. 26, 0. 5 


8 

7 

9, 11—12 


S. 28 
0. 12 


10 
13-14 


Ag.4 
Ag. 1, 4 
Ag. 1, 4 


6 

1—2, 4 

5, s 



Heart . Church's ranch(Richardton) ■ N. Dak. 

Little Missouri Medora „ 

Mouse Minot j „ 

Pembina . .• Neche j „ 

Red Lake ... • . . . Crookston ........ Minn. 

E. Grand Forks .... „ 

Grand Forks N. Dak. 

„ „ (above forks) \ 

Note.— Rivera to be arranged in alphabetical order. The same entries occurring 
several times should be entered but once and the various pages given. 

If references are to consecutive pages, use dash, e. g., 9 — 12; if not to consecutive 
pages, use comma, e. g., 1, 3, 5, 8. 

Enter under the noun, except where the adjective is a recognized part of the name, 

thus, Platte, South fork; but North Platte, Little Missouri. 

• 

Kinds of reports. Reports in general may be divided into two classes : 
First, the regular monthly reports of work accomplished; second: special 
reports transmitting data or information to the office. The regular monthly 
reports are intended to give the hydrographer an idea of the work that 
is being done and the progress that is being made. The reports containing 
data go into the office files as permanent records and are used in making 
up the publications. An effort should be made to maintain this division. 

Use of maps and sketches. In all reports, descriptions of stations etc.,^ 
maps and sketcbes should be freely used to show the location of river sta- 
tions, the sections of the country visited, and other details. In case topo- 
graphic sheets have been prepared for the region under investigation the 
hydrographer should supply himself with copies of those sheets and make 
use of such portions of them as cover the territory examined. Upon these- 
maps special features should be shown. In the absence of topographic 
sheets, land office and other maps should be used. 

Report maps. Each district hydrographer should prepare a ma.p of his 
territory from the best maps available. This map should show ^ith their 
names, the principal streams and other features on which work will be 
carried on. He should divide his territory into its principal drainage areas 
and indicate them on the map. When this division has been decided upon, 
it should be carefully adhered to, so that the measurements and other 
work can be referred to drainage areas. These maps may be prepared on 
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tracing cloth, and from the Washington office can make a paper negative, 
from which as many copies as desired can be supplied. This map is desired 
for use in reports. With each report a map should be transmitted showing 
the localities that have been investigated, which should be referred to by 
number, so that the chief engineer can at a glance see what is being done. 

Monthly reports-, A monthly report of the district hydrographer is to 
be made up of: 

a) A brief written report stating what was done during the month 
and the condition of the work. 

b) Form 9 — 171, on which shall be given an alphabetical list of the 
river stations in each State in his district. Stations in different States 
should not be shown on th e same sheet, as these sheets are filed by States, 
.so that separate sheets should be prepared for separate States. In the 
column of remarks, such notes as "new bench mark established", **station 
discontinued" (with date), ^'station established" (with date), "tempora- 
rily closed", etc., are to be given. Names of the stations which are tempo- 
rarily closed should be kept on the list until they are discontinued. 

c) Form 9 — 245 is designed for use by each man imder the district 
hydrogK|.pher. On this form should' be briefly stated what the employee 
did on each day during the month. Such general statements as clerical 
work, field work, etc., are not sufficient. In preparing the monthly report 
it is suggested that the district hydrographer should have each man 
under him fill out form 9 — 245 and form 9 — 171 for the stations which h^ 
has visited. From these two forms the monthly report can be taken. 

Each field assistant and % distant hydrographer, when on field trips, 
should forward to the district office immediately after visiting a station 
or after completing a reconnaissance or any jriece of work, the general 
results of the work done, and such detailed information as is necessary 
in making up the monthly report for that district. This enables the district 
hydrographer to complete his report without waiting for the return of an 
assistant who is making an extended trip. 

Resident hydrographer' s monthly report. The following is a sample 
form for monthly report of resident hydrographer t 

Altanta, 'Ga., October 31, 1903. 

Mr. F. H. Newell, Chief Engineer. 

Dear Sir: The following is a report of the hydrographic work carried 
on in the States of Alabama, Georgia, and Tennessee during the month 
of October, 1903: 

The following men were engaged: Messrs. R. R. Hall, J. M. Giles, and 
O. P. Hall of the regular force, and Messrs. W. G. Green and B. S. Drane 
of the temporary force. Their duties were as follows: 

M. R. Hall had general supervision of the work, spent ten days in the 
office in general correspondence, preparation of descriptions, computation 
on meter notes, and miscellaneous duties. The remainder of the month 
was spent in making a reconnaissance of Flint River and its tributaries. 

J. M. Giles spent the whole month in the field, making meter measure- 
ments, repairing gauges and establishing bench marks. 
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O. P. Hall spent the whole month in the office, plotting discharge 
measurements and making' rating tables. 

W. G. Green was employed for ten days during month in making low 
water measurements. 

R. S. Drane was employed for twenty days during the month, ten of 
which were spent in the field assisting in the reconnaissance of FUnt River; 
the remainder of the time was spent in the office working on the report 
of the work. 

The accompanying lists show the distribution of the gauging stations 
in the various States; also the work done at each station. On the index 
map is indicated the location of the stations and of the localities investi- 
gated. 

The accompanjdng reports and forms give a portion of the data men- 
tioned in this report. The remaining data will follow in a few days. 

Very Respectfully 

M. R. Hall 
Hydrographer. 

9—171. Department of the Interior. 

United States Geological Survey. 

Division of Hydrography. 

Atlanta, Go., October 31, 1903. 
Mr. F. H. Newell, 

In charge of Division of Hydrography. 
Sir: The following is a brief statement of the hydrographic work performed during 
the month of November, 1905, under the direction of M. R. Adll; 



River Stations Maintained, Established 


, or Discontinued. 


Stream. 


Station. 


State. 


No. of dis- 
charge 
measure- 
ments. 


Remarks. 


Alabama River . . . 

Alabama River . . . 
Black Warrior R , . . 
Black Warrior R , . . 

Cahaba River .... 
Choccolocco Cr . . , . 
Coosa River 


Montgomery . . . 

Seima 

Cordova 

Tuscaloosa .... 

CentervUle .... 

Jenifer 

Riverside 


Alabama 

ft 
tt 

n 

n 
}f 
n 




1 



2 

1 
1 


New B. M. established 
Nov. 15, 1903, 

Discontinued Nov, 30, 
1903. 

Gauge washed out, Nov, 
10; replaced Nov. 20. 



Under "Remarks" state date of establishment or discontinuance, changes in gauge, 
interruptions in observations, etc. A brief report covering any matters of interest occur- 
ring during the month, and form 9—245, should usually accompany this form. These 
make up the monthly reports of the resident hydrographers. 

Furnishing information to the public. All data collected by Survey 
employees should be submitted to the Director through the hydrographer 
in charge before it is given to the public. In general requests for data which 
are ready for distribution should be addressed to the Director or Hydro- 
grapher in Charge, in Washington. When, however, requests are received 
by the district hydrographers or engineers, they may furnish the information 
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direct, if in so doing they are satisfied that the Survey will bs in no way 
involved. Copies of all such requests and their answers should be sent to 
the Hydrographer in Charge for the Washington letter files. When the 
district hydrographer receives requests for data and he has some doubt 
concerning the advisability *of complying with the request he should prepare 
a letter containing the information desired, for the signature of the hydro- 
grapher in charge, who will decide whether the information should be given 
out. A carbon copy of the reply, with the answer and the original request, 
should accompany the original request, so that a record of the data fur- 
nished may be kept in the Washington office. 

Miscellaneous information. It is expected that each district hydro- 
grapher and his assistants shall be on the lookout for any valuable infor- 
mation on the hydrography of the section in which they happen to be. 
This information should be systematically collected and carefully filed and 
indexed so as to be easily consulted. It is suggested that each employee 
supply himself with a small pocket case to hold 3 by 5 inch index cards. 
When in the field, items of importance may be noted on these cards, one 
subject to a card, and these, when filed in the office, will be a valuable 
source of information. 

Publications containing progress reports of stream measurements. 
The progress report of stream measurements for each year contains the 
results of the year's field work, including all original. 



9—245. Department of the Interior. 

United States ecological Survey. 

Hydrographic branch. 

Report of services rendered by J. M. GUles during month of November ^ 1903. 

[To accompany voaohers form 9—009 or subvouchers 9—019, giving briefly the character 
of work performed each day.] 



1. Sunday. 

2. Hotting discharge measuretnentSj checking gauge-height cards. 



3. General correspondence and report on reconnaissance of Flint River. 



4. Measured discharge of Alabama River at Salem, en route to Montgomery. 



5. Measured discharge of Alabama River at Montgomery. 

6. Computing discharge measurements and general correspondence. 



7. Making up monthly reports. 



I certify that the services were rendered as above stated. 
Approved by M. R. Hall, 



J. M. Giles. 



Reports on reconnaissance, surveys, investigations, etc. — As soon as 
practicable after the completion of the reconnaissance work, surveys, in- 
vestigations, etc., a comprehensive report should be transmitted, stating 
concisely the information collected and the deductions which have been 
made, based upon the investigations. It is not desirable to accumulate 
data for a semi-annual or yearly report. The material should be separated, 
as far as possible, into independent imit reports, and these should be trans- 
mitted as the work progresses. 
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Reporting new river stations. When a river station is established a 
statement should be transmitted, together with a description of the station, 
on form 9 — 197, stating the general reasons for estabUshing the station and 
the conditions which led to its estabUshment at the particular site selected. 

Authority for carrying on the work. At the beginning of each season 
or before starting work which involves a considerable expenditure of money, 
the hydrographer or engineer in charge should submit for the approval of 
the chief engineer a brief outline of the work which it is proposed to carry 
on. This should state the purpose for which the data are to be collected, 
the cost, and other details which will give the chief engineer an idea of what 
it is proposed to do. Approval of the plan is to be considered authority 
for carrying on such investigations as may be deemed necessary to accom- 
plish data such as gauge heights and discharge measurements, together 
with the office computations. 

220. Legislation of Water Power in the United States. 

Owing to the passage of the Federal Water Power Act, the handling 
of water power applications and the granting of permits has been entirely 
ohanged. 

The Water Power Use Book, issued in 1911 by the Department of 
Agriculture, must now be considered as entirely out of date. 

The reader will find in the following lines the most important points 
of the present legislation: method of application and provisions of the 
stipulations and permit. 

The Federal Water Power Act^ to create a Federal Power Commission 
is worded as follows: 

Be it enacted hy the Senate andHoue of Represetitatives of the United States of America 
in Congress assembled. That hereafter no permit, license, lease or authorization for dam=«, 
conduits, reservoirs, power houses, transmission lines, or other works for storage or car- 
riage of water, or for the development, transmission, or utilization of power, within the 
limits as now ccnstituted of any national park or national monument shall be granted 
or made without specific authority of Congress, and so much of the Act of Congress ap- 
proved June 10, 1920, entitled "An Act to create a Federal Power Commission; to provide 
for the improvement of navigation; the development of water power; the use of the public 
lands in relation thereto; and to repeal section 18 of the River and Harbor Appropria- 
tion Act, approved August 8, 1917, and for other purposes," approved June 10, 1920, 
as authorizes licensing such uses of existing national parks and national monuments by 
the Federal Power Commission is hereby repealed. 

Approved March 3, 1921. 

The commission has jurisdiction over all projects involving the con- 
struction, operation, and maintenance of dams, water conduits, reservoirs, 
power houses, transmission lines, or other project works for the develop- 
ment, transmission, and utilization of power which affect navigable waters 
And other waters over which Congress has conditional jurisdiction and 
public lands or reservations. 

Permits or valid rights of way granted prior to and existing on June 10, 1920, 
remain in force unaffected by the provisions of the Federal Water Power Act, but any 
person, association, corporation, State, or municipality holding or possessing any such 
permit, right of way, or authority may apply for a license under said act, and thereupon 
the provisions of the act will apply to the applicant as a licensee thereunder. 

^ Ametdatory Act, approved March 3"* 1921. 
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The following regulations^ will be of interest to the engineer and 
guide him as to the steps that must be taken in order to comply with 
the Government requirements. 

Regulation 2.— Applications— General Requirements. 

Section 1. Applications for preliminary permits or licenses 
may be filed either with the commission at Washington, D. C, or with 
such office, agent, or agency of the commission /as may from time to 
time be established or authorized to receive applications on behalf of 
the commission. 

Sec. 2. Applications filed with the Departments of War, Interior, or 
Agriculture, prior to approval of the act, under the provisions of then 
existing law and accepted as complete by the department with which 
filed will upon written request of the applicant be received by the com- 
mission as an application under the act. 

Sec. 3. The date of filing of applications shall be the date of receipt 
of the latest communication containing information essential for action 
by the commission on the application. 

Sec. 4. All applications for preliminary permits or for licenses shall 
include:^ 

A. Information relative to the applicant's qualifications to make 
application as follows: 

(1) If the applicant is a corporation: 

(a) A copy of its charter or articles of incorporation duly certified 
by the secretai^ of state of the State where organized, or other officer 
having legal custody of a record of incorporations (one copy only, marked 
'^Exhibit A"). 

(b) Execute Form 1 in triplicate and mark it "Exhibit B." 

(2) If the applicant is a State: 

A copy of the law or laws, or reference thereto, under authoirity of 
which the application is made, duly certified by the governor or sec- 
retary of state of the Statd, under seal, and two uncertified copies mar- 
ked "Exhibit B." 

(3) If the applicant is a municipality: 

(a) A copy of its charter or other organization papers duly certi- 
fied by the secretary of state of the State in which it is located or other 
officer having legal custody of the record of municipal incorporations 
(one copy only, marked "fxhibit A"). 

(6) A certified copy, or reference thereto, of the State law or laws 
authorizing the operations contemplated by the application and two un- 
certified copies marked "Exhibit B." 

^Federal Power Commission. Orders No. 9. Rules and Regulations concerning 
the improvement of navigation; the development, transmission, distribution and utiliza- 
tion of water power; and the use of lands and other property of the United States in 
relation thereto. Issued under the Act of June 10, 1920 (41 Stat., 1063). Approved 
on and effective from February 28, 1921. 

^ If any applicant shall have filed with the commission any of the papers required 
by this regulation, a specific reference to such filing, accompanied by duly certified 
statements of changes thereafter made, thereby bringing up to date the information 
of the previous filing, will be accepted as fulfilling the requirements with respect to 
such papers. 
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(4) If the applicant is an association of citizens; 

(a) Each member shall make affidavit of citizenship. (See appli- 
cation Forms 3 and 4.) Associations shall submit their articles of asso- 
ciation. If there be none, the fact shall be stated over the signature of 
each member of the association (one copy only, marked "Exhibit A"). 

(6) A complete list of members must be given in an affidavit by 
one of them (in triplicate, marked "Exhibit B"). 

(5) If the applicant is an individual: 

An affidavit by the applicant that he is a citizen of the United 
States. (See application Forms 3 and 4.) 

B. General data with respect to the project or projects applied for,„ 
to be shown on the prescribed application Form 3 or 4, paragraphs 2 to 
6, inclusive. 

C. MB,p8 and drawings as required by Regulation 3, 4, or 5, as the 
case may be. All maps and drawings: 

(1) Shall be on tracing linen cut to uniform size, not smaller than 
24 inches by 36 inches and not larger than 28 inches by 40 inches, the 
latter size being preferred, except that lithographed official maps issued 
by Federal or State agencies may be used for general maps of the pro- 
ject and, when su used, one copy for permanent record shall be mounted 
on linen. 

(2) Shall have a clear border of one-half inch on three sides, and 
of 2| inches on one of the shorter sides, which shall be the left-hand 
border of the map. 

(3) Shall have a numerical scale and a graphical scale, the latter 
not less than 6 inches in length. 

(4) Shall, if a map, have true and magnetic meridians indicated 
thereon. 

(5) Shall have a space 4 inches by 7 inches in the lower right 
corner, the upper half of which shall bear the title, scale, etc., and the 
lower half of which shall be left clear. 

(6) Shall, if a map including public lands, show location of all 
official public-land survey lines crossing the project area. If on un- 
surveyed public lands or reservations, the protractions of township and 
section lines shall be shown, such protractions whenever available to be 
those recognized by the agency of the United States having jurisdiction 
over the lands. 

(7) Shall be rolled, not folded, for mailing, etc. 

Sec. 5. Applicants may be required upon request of the commission 
to furnish maps, plans, or other data in addition to the requirements 
specifically set forth in the regulations, if in the judgment of the com- 
mission such additional data are desirable for a full understanding of the 
project or projects or for the purpose of enabling the commission to 
review the design thereof, either in whole or in part. 

Sec. 6. The names of applicants, the information contained in the 
application forms (Forms 3 and 4), and general project maps will be 
available for general public information. Other information concerning 
applications will not be made public except upon a showing satisfactory 
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to the commission of the public necessity or desirability therefor, or 
with the consent of the applicant. At public hearings upon any appli- 
cation the commission may require the presentation of such information 
respecting the application as in its judgment the proper conduct of the 
hearing or the public interests requires. 

Regulation 3.— ^Applications for preliminary permits. 

All applications for preliminary permits shall be submitted in tri- 
plicate on Form 3, and shall be accompanied by the items specified 
below, each of which stall be dated and signed by the applicant in the 
form prescribed in Form 2 and designated "Exhibit A," "Exhibit B," etc., 
as indicated. 

Section 1. Exhibit A. — Certified copy of charter, articles of incorpora- 
tion or other organization papers (one copy only). (See Regulation 2, sec. 4.) 

Sec. 2. Exhibit B.— Other evidence that applicant is qualified to 
fipply for and receive a permit (in triplicate). (See Regulation 2, sec. 4.) 

Sec. 3. Exhibit C. — Statement of nature and amount of data avail- 
able, such as surveys, niaps, plans, stream measurements, foundation 
explorations, etc., and of work already performed, including preliminaqr 
construction, such as clearing, road building, etc. (in triplicate). 

Sec. 4. Exhibit D, — Nature and amount of work proposed to be per- 
formed under preliminary permit, such as surveying, preparation of maps 
and plans, measurement of streams, explorations of foundations, or pre- 
liminary conetruction, and estimate of cost thereof (in triplicate). 

Sec. 5. Exhibit E, — Statement of nature, extent, and ownership of 
water rights and of ownership of lands which applicant contemplates 
using in the development of each project. Also statements of applicant's 
plans with reference to perfecting water rights and to acquiring lands 
(in triplicate). 

Sec. 6. Exhibit F, — Statement whether project involves the u£e of 
a Government dam or other Government structure; and if so, to what 
extent (in triplicate). 

Sec. 7. Exhibit O. — Such data as the applicant desires to supply as 
to his ability to finance the preliminary work as well as the project or 
projects applied for (in triplicate). The commission may decline to ap- 
prove the application unless satisfied that the applicant will be able to 
finance the preliminary work and the project. 

Sec. 8. Exhibit H. — A general map showing the nature, principal 
features, and location of the project with reference to some well-known 
town or stream. On this map shall be placed a line indicating the ap- 
proximate project boundary (exclusive of transmission lines) and the 
approximate distance and bearing of the upper and lower limits thereof 
from some natural object or permanent monument that can be reiulily 
found and recognized from a description thereof noted on the map. If 
on land covered by official public-land survey, the distances and bearings 
shall be from the nearest existing comer of the public survey. (One tra- 
cing and two blue prints, or lithographed official map with project shown 
thereon, 6ne copy mounted on linen and four copies not so mounted.) 
(For size, etc., of map, see Regulation 2, sec. 4, par. C.) 
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Sec. 9. Exhibit I (to be submitted only if public lauds or reserva- 
tions are affected). — ^A map showing the project area and the location of 
the principal features of the project. The map shall show as the project 
boundary the subdivision line of the public-land survey lying next outside 
the project area, unless the applicant can define it more closely, in which 
case the boundary shall be so defined. 

On the map shall be indicated separately lands patented, lands en- 
tered or. otherwise embraced in any unperfected claim under the public- 
land laws, unreserved public lands, and lands of each and every reser- 
vation affected. The map shall be on a scale to present this information 
effectively. 

If so desired, a single map may be submitted for Exhibits H and h 
provided it shows all the information required for both, and, in that case, 
one tracing and five blue prints shall be furnished. If separate maps 
are used, one tracing and three blue prints shall be furnished. (For size, 
etc., of map, see Regulation 2, sec. 4, par. C.) 

Sec. 10. Exhibit J. — Such additional exhibits as applicant may consider 
pertinent to submit. 

Regulation 4.— Applications tor licenses— major projects. 

All applications for licenses, and for additions or betterments to pro- 
jects already under license (except for projects of not more than 100-horse- 
power capacity), shall be submitted in triplicate on Form 4, and shall be 
accompanied by the items specified below, each of which shall be dated 
and signed by the applicant in the form prescribed in Form 2 and desig- 
nated "Exhibit A," "Exhibit B\ etc., respectively, as indicated. 

Section 1. Exhibit .4.— Certified copy of charter, articles of incor- 
poration, or other organization papers (one copy only). (See Regulation 2, 
sec. 4.) If already furnished for preliminary permit, reference thereto 
will suffice. 

Sec. 2. Exhibit -B.— Other evidence that applicant is qualified to pro- 
ceed with the project applied for (in triplicate). (See Regulation 2, sec. 4.) 
If already furnished for preliminary permit, reference thereto will suffice. 

Sec. 3. Exhibit (7. — Field notes, or a description by metes and bounds, 
of the entire final location survey of the project boundaries and of trans- 
mission lines. Field notes need not be submitted as a separate exhibit 
when they are noted on tracing filed with application (in triplicate). 

Sec. 4. Exhibit D, — Evidence that the applicant has complied with 
the requirements of the laws of the State or States within which the 
project or projects will be located with respect to bed and banks and 
with respect to the right to engage in the business of developing, trans- 
mitting, and distributing power, and in any other business necessary to 
effect the purposes of the license applied for. This evidence shall be 
accompanied by a statement of the steps that have been taken and the 
steps that remain to be taken to acquire franchise of other rights from 
counties and municipalities before the project or projects can be com- 
pleted and put into operation (in triplicate). 

Sec. 5. Exhibit E, — Statement of the nature, extent, and ownership 
of the water rights and of ownership of lands which the applicant pro- 
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poses to use in the development of the project or projects applied for, 
together v/ith satisfactory evidence that the applicant has proceeded as 
far as practicable in perfecting its rights to use sufficient water for proper 
operation of the project works. A certified statement from the proper 
State agency setting forth the extent and validity of the applicant's water 
rights shall be filed if practicable. Whenever the approval or permission 
of one or more State agencies is required by State law as a condition 
precedent to the applicant's right to take or use water for the operation 
of the project works, duly certified, evidence of such approval or per- 
mission or a showing of cause why such evidence can not be reasonably 
submitted shall be filed. Statement of applicant's plans for acquiring 
lands owned by other parties and which are essential for carrying out 
the project. If statement submitted with application for preliminary 
permit gives above information, a reference thereto will suffice (in tripli- 
cate). When State certificate is involved, one certified copy and two 
uncertified copies will suffice. 

Sec. 6. Exhibit F. — Statement whether project involves the use of 
a Government dam or other Government structure; and if so, a detailed 
description of the proposed use. Information relative to such structure 
which may be of record in any branch of the United States Government 
at Washington need not be furnished if appropriate reference thereto is 
given (in triplicate). 

Sec. 7. Exhibit O. — Statement showing the financial ability of the 
applicant to carry out the project or projects applied for (in triplicate). 
If adequate statement has been furnished with application for preliminary 
permit, reference thereto will suffice. 

Sec. 8. Exhibit H, — Statement of the eflfecb of the proposed operation 
of the project works on the normal flow of the stream, including a sta- 
tement of the minimum flow proposed to be released during periods of 
low water and full exposition of the relation of any proposed ponding 
of the flow to the conservation and utilization in the public interest of 
the available water resources for the purposes of power, navigation, irri- 
gation, reclamation, flood control, and municipal water supply (in tripli- 
cate). 

Sec. 9. Exihibit I, — Estimate of the power capacity* of each project, 
accompanied by the complete data upon which such estimate is based, 
including stream flow, evaporation records, static heads, etc. A list of all 
present and proposed sources of power for the system of which the pro- 
ject or projects will be a part, including the approximate location, water 
power or steam power, source of water, ultimate capacity of all power 
plants in use or proposed to be used, and the present installed capacity 
of constructed plants; also connections, if any, with other power systems 
(in triplicate). If any of these data are of record in any branch of the 

* The "power capacity'* of a project means the continued product of — 

A. The factor 0.008; which represents" the horsepower at 70 per cent efficiency of 
one cubic foot of water per second falling through a head of 1 foot. 

B. The average static head in feet; and 

C. The water supply, in cubic feet per second and not in excess of the hydraulic 
capacity of the approved project works, estimated to be available from natural flow or 
from storage, or from both, for 90 per cent of the time. 
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United States Government at Washington, appropriate reference thereto 
will suffice. 

Sec. 10. Eocihibit J. — General map covering the entire project area or 
areas, showing on a. single sheet and to an appropriate scale: 

A. Principal structures and other important features. 

B. The entire transmission system with which the project or projects 
may be connected, indicating prominently by appropriate symbol the 
portions for which application is made. ' 

C. State and county lines, towns, streams, and other features that 
will aid in arriving at a general comprehension of the project. 

D. References to the detail map, indicating by outline the portion 
shown on each sheet. 

E. If all features can not be shown with sufficient distinctness on 
one sheet, two general maps may be furnished, one for structures and one 
for the transmission system. (Furnish one tracing and two blue prints, 
or one lithographed map mounted on linen and four unmounted with 
project works appropriately marked thereon. For size, etc., of map, 'see 
Regulation 2, sec. 4, par. C.). 

Sec. 11. Exhibit K. — Detailed map covering entire project area or 
areas. Scale in general not more than 400 feet to the inch, except for 
such portion as will be used only for transmission or telephone lines, 
where scale of not more than 1 mile to the inch may be used, provided 
it is accompanied by field notes giving a description of the right of way 
for the line. Elevations shall be tied to Government bench marks when- 
ever available and shall be referred to mean sea level, except that, in 
the case of projects on navigable waters having a datum accepted for 
local use by the United States Engineer Department, War Department, 
such local datum shall be used. If more than one sheet is used, the 
sheets shall be numbered consecutively, and each shall bear a small 
diagram showing the entire map and indicating the portions shown 
on each sheet. The map shall show with respect to each project ap- 
plied for: 

A. The project boundary, which shall be a line to include the area 
within which it is necessary to acquire Ismd or rights of way for the 
project. It shall include only such lands as are or will be valuable and 
serviceable in the development, transmission, or distribution of power in 
connection with the project. The location of the project boundary may 
or may not follow established land Lines. It shall be subject to approval 
of the commission, and unless satisfactory reasons are given therefor it 
shall not be more than 250 feet distant from exterior margins of reser- 
voirs, water conduits, transmission lines, and appurtenances, or other 
project works. The project boundary shall be described in such a way 
that it can be legally identified, and shall be marked on the ground by 
existing land lines supplemented by such additional monuments as may 
be necessary. Such portion of the project area as will be used only for 
transmission lines, telephone lines, pipe lines, conduits, or canals may be 
described by lines of survey specifying the distances of the project boun- 
dary therefrom. 
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B. All project works accurately located, such as: 

(1) Dams. 

(2) Reservoirs, — Indicate the flow hues by maximum and minimum 
water levels and by elevation of spillway crest, an.d give tables or dia- 
grams of areas and capacities for maximum and minimum water levels 
and for each contour line. 

(3) Waier conduits. — Indicate center line; type, i. e., flume, ditch, 
tunnel, pipe, etc.; and grade and elevation of bottom at each change of 
grade. 

(4) Power houses and substations. 

(5) Transmission lines and appurtenances and telephone lines. 

(6) Navigation structures. 

(7) Channel approaches to navigation structures indicating elevations 
of bottom for distances of not less than 1,000 feet above and below the 
structures. 

C. Contour lines with contour interval of not more than 10 feet for 
the entire project area, except such portions as will be used only for 
transmission lines or telephone lines or will be included in reservoirs 
below the minimum elevation to which the water may be drawn down: 
Provided, That a profile of tunnel lines may be substituted for contours 
along such lines. 

D. If on lands covered by official public-land survey (see Regulation 
2, sec. 4, par. C (6)), show distances along land-survey lines from the 
nearest established comer to all intersections with the project boundary 
where such distances do not exceed 1 mile. 

E. Reference lines to the initial points of project boundaries and of 
the survey (center lines) of transmission or telephone lines and to their 
intersections with boundaries of reservations. Such reference lines shall 
show distances and bearings by a line or lines that can at all times be 
readily retraced from an established comer of the public survey, if not 
more than 2 miles distant, or, if such established corner is not available, 
a permanent mark on a natural object or a permanent monument which 
can be readily found and recognized from a description thereof noted on 
a map or in the field notes. 

F. The status as to ownership, and the land lines and area of each 
parcel of land within the project boundaries, designating separately lands 
owned by the applicant, lands for which the applicant holds rights of use 
and occupancy for purposes of the project, reservations (indicating sepa- 
rately each reservation), and public lands (indicating separately lands, full 
title to which remains in the United States, and lands in which the United 
States retains only an interest). (One tracing and two blue prints.) 

Sec. 12. — Exhibit L. — General design drawings showing plans, ele- 
vations, and sections of all principal structures and appurtenant works or 
other features of each project applied for. These drawings shall be in suffi- 
cient detail and shall be accompanied by sufficient information relating 
to controlling ffitctors (such as character of foundations and explorations 
thereof, materials, types of construction, important elevations, and water 
levels, etc.) to enable the commission to have a full understanding of the 
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project and to check safety, adequacy, and desirability in the development 
of the resources involved. (One tracing and two blue prints.) This sec- > 
tion applies to: 

(a) Dams and appurtenances, such as spillways, fishways, outlet works, etc. 

(b) Navigation structures and approaches thereto, including locks, lock 
gates, and operating machinery thereof etc. 

(c) Conduits, including forebays, intake works, surge tanks, and other 
pressure relief devices, etc. 

(d) Power houses and substations. 

Sec. 13. Exhibit M. — General descriptions and general specifications 
of mechanical, electrial, and transmission equipment and their appurtenan- 
ces in sufficient detail to enable the commission to have a full understanding 
of the project or projects and to determine safety and suitability for the 
development and utilization of the resources involved (in triplicate). 

Sec. 14. Exhibit N, — Estimate of the cost of developing each pro- 
ject, segregated by principal features, showing quantities, unit costs, etc., 
in sufficient detail for a full unterstanding of the elements of cost of the 
project (in triplicate). 

Sec. 15. Exhibit 0. — Detailed statement of the time desired for 
completing preliminary construction and for beginning and completing 
construction of the project works. If the ultimate development is to be 
completed and put into operation in two or more parts, the time desired 
for beginning and completing the construction of *each part shall be given 
(in triplicate.) 

Sec. 16. Such additional exhibits as applicant may consider pertinent 
to submit. 
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The following forms are prescribed for applications filed under the 
Federal Water Power Act, approved June 10, 1920 (41 Stat., 1063), in 
accordance with the foregoing regulations:* 

Form. 1. — Official statemerU of organization of corporation and list of officers and directors. 

(See Regulation 2, sec. 4« par. A (1) (b).] 

I, 

(Name.) (Secretary or preeldent.) 

of the -, do hereby certify 

that the organization of said corporation has been completed; and that the corporation 
is authorized to proceed with the project applied for according to the existing Jaws of 

the State of I further certify 

that the following is a true list of the principal officers and of the directors of the 
said corporation, with the full name and official designation of each, to wit: (Here insert 
the full name and official designation of each principal officer and director ) 
Witness my hand and the seal of the corporation this 

: - day of 19 



(SEAL.) 

Form 2. ^Dating and signature of applicant. 
[See Regulations 3, 4, 6.] 

This map (these estimates, this copy of notice, etc.) is a part of the application 
for preliminary permit (license) made by the undersigned this 

day of , 19 . 

Form B. — Application for preliminary permit. 

[See Regulations 2 and 3.] 

(Act of June 10, 1920, 41 Stat.. 1063.) 

0) •- ■ 

a < ^^''Pf^ *p/^ I organized and existing under and by virtue of the laws of the State 
* (municipality/ * b j 

of and having its office and principal place of business at 

, in the State of 



^ Applications have proved to be so varied in size that is has been found imprac- 
ticable to furnish printed blanks therefor. Applications should be typewritten, following 
the forms indicated herein. 
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(V ■ , , 

citizen of the United States, whose business address is 

do hereby make application to the Federal Power Com- 
mission for a preliminary permit for months, for the project 

described herein and approximately shown upon a certain map signed by the applicant 

on the day of 192 , 

which map is filed herewith and made a part hereof. This application is made in order 
that the priority of the applicant with respect to a license under the Federal Water 
Power Act may be maintained while securing the data and performing the acts necessary 
to perfect an application for such license. 

2. The location of the project applied for is as follows: 

(a) In the State of 

(b) In the county of 



(r) On the following-named stream 

navigable and carrying commerce to the following extent: 



id) In the region of the following-named cities and towns: 



3. The proposed scheme of development for the project is as follows: 



4. The proposed use of market for the power to be developed is as follows: 



5. The location and capacity of all power projects owned or operated by the 
applicant, the markets supplied thereby, and the relation thereof to the project 
applied for are briefly described as follows: 



Cancel words not used. 
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6. The following exhibitis are filed herewith and are hereby made a part ofthiB 
application: 

(Give each exhibit a designation and brief description, as Exhibit A, certified copy 
of articles of incorporation; Exhibit B, official statement of organization of corporation 
and list of officers on Form 1; Exhibit C, statement of nature and amount of data 
available, etc) 

Exhibit: 

Exhibit: 

Exhibit: 

In Witness Whereof the applicant has caused its name and corporate seal to be 
herunto signed and affixed by 

it3 

thereunto duly autorized, this day 

of , 192 

By 

Attest: 



Secretary. 

(When the application is made by an individual or association of individuals, it 
will be signed and sworn to before a notary public or other officer having authority 
to administer the oath, using the following form:) 

Witness the signature of the applicant this 

day of , 192 . 



* Subscribed and sworn to before me this 
day of , 192 . 

[OFFiaAL SEAL.] 



Notary Public. 



Form 4. — Application for license. 

[See Regulations 8 tnd 4.] 

(Act of June 10, 1980, 41 Stat^ 1068.) 



-L- i organized and existing under and by virtue of the laws of the 
corporation J "^ 

State of , and having its office and principal 

place of business at , in the State of 

(') ' :■■■ 



^ This form when sworn to will serve as evidence of citizenship. 
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citizen • of the United States, whose business address is 

, do hereby make application to the Federal Power Com- 
mission for a license for the project described herein and shown on general Mid detail 

maps signed by the applicant on the - day 

of , 192 , which maps are filed herewith and made a part 

hereof, said license to authorize the construction, operation, and maintenance of certain 
project works, the principal ones of which are designated as follows on said maps: 

(Give the name or other designation and a brief description of the principal pro- 
ject works and cancel such of the four following items (a), (h), (e), and (d) m may 
not be applicable.) 

(a) (Dams and reservoirs.) 



(6) (water conduits.) 



(c) (powerhouses.) 



(d) (transmission Unes.) 



2. The location of the project, applied for is as follows: 

(a) In the State of 

(6) In the county of 



(c) On the following-named stream 

navigable and carrying commerce to the following extent: 



(d) In the region of the following-named cities and towns: 



8. The proposed scheme of development for the project is as follows: 



4. The proposed use or market for the power to be developed is as follows: 



* Cancel words not used. ^ 
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6. The location and capacity of all power projects owned or operated by the 
applicant, the markeU supplied thereby, and the relation thereof to the project 
applied for, are briefly described as follows: 



6. The following exhibits are filed herewith and are hereby made a part of this 
application : 

(Give each exhibit a designation and brief description, as Exhibit A, certified copy 
of articles of incorporation; Exhibit B, official statement of organization and list of 
officers on Form 1; Exhibit C, statement of nature and amount of data already avail- 
able, etc.) 

Exhibit 

Exhibit 

Exhibit 



Note: Licenses under this Act shall be issued for a period not exceeding fifty years. 
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Page 
Air blast transformers; arrangement of 224 
, quantity of air, required for 

cooling transformers 224 

— , valves or relief valves 85 

Alternators 210 j 

— , cooling of 211 

— , hunting of 243 

— , parallel operation of 243 

Aluminium conductors 309 

American or mixed flow turbines 149, 163 
Anderson method for measuring turbine 

discharge 177 

Arched dams, see curved dams 128 

Area; catchment, influence on nm-off 7 
— , comparative, required for 3 types 

sub-station 237 

— ; gate opening 82 

— ; river cross-section 24 

Atmospheric pressure 87 

; relation between air pressure 

and electric strength 251 

Automatic dams 140 

— voltage regulators, Tirrill system . . 213 

Auxiliary power, economics of 324 

Available water power in the United 

States 402 

Average velocity of streams 26, 44 

Axial or Jonval turbines 150 

Backwater caused by dams 145 

— function; values of 147 

— standing wave; Bresse formula.... 148 
Bancroft type reinforced concrete dam 117 
Bazin formula; thin edged weirs .... 31 

-; roughness coefficient for canals 44 

-; submerged weirs 37 

Bearings; turbine 189 

Beaver type ^imber dam Ill 

Behavior of resultants in reinforced 

concrete dam 117 

Bell spoon turbines, Obermatt plant.. 155 
Bench or deskboard type switchboards 212 

Bemouilli formula 157 

Blowoffs . 85 

Boileau formula for thin edged weirs 31 
Bottom of canals; safe velocity for .. 43 
Bouvier method for determining stresses 

in dams 123 

Boyden dififuser 169 

Bresse formula for backwater standing 

wave 148 

Bridge-canal, cross-section of 362 

Bridge; penstock 98 to 107 

Bracing poles for transmission lines ,,. 2,^ 
Buckets; Pelton 171 



Pag© 

Bushing; Nagel condenser 238 

— ; Pertinax type; table of tests 238 

Cables and wires; stresses on, in trans- 
mission lines 304 

Cachin regulator for turbines 201 

Canals 42 

Canal bridge; cross-section 362 

— flow; influence of vegetation on . . 45 

— formulas for 44 

— intake; calculation 142 

— movable dams 138 to 141 

— rectangular and trapezoidal form 47 

— safe bottom velocity for 43 

Catchment area and run-off 7 

Caufourier formulas for calculation of 

spans in pipe lines 95 

Changer; frequency 245 

Channels of rectangular and trapezoi- 
dal form 47 

Chemical method for measuring tur- 
bine discharge 178 

Chezy formulae for canals and pipes 44, 60 

Choke coils; lightning arresters 216 

Circles; tables of areas of 65 

Circuit breakers and relays 213 

Coating for pipe 80 

Cofferdam for river diversion 115 

Column or pedestal type switchboard 213 
Concrete (see also reinforced concrete) 
specific gravity 114 

— cracks and shrinkages in 114 

— draft tubes of 160 

— reinforced, dam, behavior of resul- 
tants in 116, 117 

— for flumes 50, 55 

— pipe; (see also pipe) 94 to 97 

— piers, spacing of 95 

— stresses due to fill 97 

— poles 305 

Converter; motor-generator 245 

— rotary 244, 245 

— — , starting of 246 

Cooling of transformers 221 

Cooley formula for flood flow 13 

Couplings, turbine 194 

Cox formula for pipes 61 

Current meter measurements 26 

Dams 108 

— automatic type of 138, 140 

— , German 141 

— backwater caused by 145 

— coffer, for river diversion 115 

— concrete, hollow 116, 117, 118, 345, 356 
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Page 
Dams, detailed table showing principal 
features of peveral 131 

— earthen 108 

— inexpensive 110 

— rock fill 108 

— steel core 109 

— timber 110 

— safety factor 109 

— sand foundation 110 

— economic site for 311 

— flow measurement over 30 

— hydraulic fill 109 

— masonry 112 

— curved 129 

compared with straight in plan 130 

— expansion joints for 114 

— foundations of, reliable tests for ... . 118 

— stability of, calculations for 125 

— static-graphios 127 

— movable 138 

— pressures on, due to seepage .... 128 

— reinforced concrete 116, 117, 118, 345, 356 

— stability of low 120, 125 

— sliding of 114 

— sluice gate, section of 362 

— spillway 182 

— steel 118 

— temperature stresses 114 

— thrust of water and ice on 114 

— timber 110 

Deforestation 17 

Deformation of pressure pipes 75 

Deskboard type of switchboard 212 

Developments (see index of Plants cited); 

cost of, economic 319 

, study of 380 

Diameter of pressure pipes; variable. . 63 

Diffusers 169 

Discharge; river, graphic of 14 

— turbine, measurement of 177 

Disruptive distances, transmission lines 262 

'-; designs, table 206 

Drains for tunnels 57 

Earthen dams 108 

Eckart measurements of water supplied 

to impulse wheels 187 

Economic costs of development; com- 
parative 830 

Elbows for pipes 83 to 85 

— ; anchorage calculation, with expan- 
sion joint and manhole 84 

Electric type governors 202 

Energy losses in turbines 159 

Evaporation 1 

— minimum 4 

— Lake Cochituate 6 

— during storage period 7 

— during growing period 11 

— factors influencing 11 

— measurement of 11, 12 

— observation of 12 

— forests as factor in 17 

— factor as affecting reservoirs 18 

Expansion joints for masonry dams.. 114 

— — ; pipe 81 

Fishladders or fishways 143 

Fitzgerald formula for evaporation . . 11 
Flaeiiboards; construction details of . . 185 
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Float measurements 25 

Flow; canal, influence of vegetation on 45 

— flood * 13 

— measurements 30 

— in pipes 69 

— sluice gates 40 

— varied, in canals 57, 58 

Flume ; reinforced concrete 50 to 55 

— testing, for water wheels 176 

— , wooden 50 

Flywheel 193 

Force of vapor in air 7 

Foumeyron turbine 149 

Foundations for dams (see also Dam) 

110,113 

— for power house machinery 237 

Francis formula for discharge 30 

— — , graphic of 38 

— turbines 150 

— —» typical installations of . . 207, 208 

Freezing of water in pipe 87 

Frequency changers 245 

Friction of various materials; coefficient 

of 115 

Fteley and Steam's coefficients 37 

— formula; submerged weirs 36 

— — ; thin edged weirs 31 

— - meter 27 

(b anguillet and Kutter formula ; diagram 46 
Gate opening area 82 

— pivot, in intakes 142 

— regulating 202 

—, cylinder 202 

—, register 202 

— wicket 202 

Gelpke classification of Pelton wheels 151 
Generators 210 

— panel equipment 239 

— ventilation of 210 

Geological Survey of United States; 

work of 404 

— — — — , list of standard forms 

of 406 

— — — — ; instructions for using 
forms 407 

Geology; influence on run- off 7 

Geylin Jonval turbines 150 

Girard type of turbine 149 

Glocker White governors 200 

Government of United States; legal 

forms regarding water power 422 

Governors (see also Turbines); Cachin 

regulator 201 

— classification of 197 

— electrical type of 202 

— hydraulic 199 

— mechanical type, Repogle type. 
Woodward simple mechanical 197 

— ; Woodward vertical compensating.. 198 

Ground water effect on forests 7 

Growing period ; storage of water .... 7 

Guards; iron, for poles 289 

Guard-wires (see also Transmission 

lines) 287 

Guide bearings 192 

Guillemain method for stresses in dams 124 
Hammer; water (see Pressure pipe) .. 93 

Haskell meter i^~^'/< X'r^t^X 
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Headraces and tailraces 209 

High voltage disturbances in traus- 

mission lines 260 

Hour glass type lightning arrester . . 216 

Hunting in alternators 243 

Hydrograph; Passaic River 15 

Hydrology : 1 

Hydraulic fill dam 109 

— governors (see also Governors) .... 197 

— radius; definition of mean 42 

Hydro-electric plants described in de- 
tail ; (see Plants cited) 332 

Ice pressure; effect on dams 114 

Impulse wheels; (see Pelton wheels).. 171 

, Eckart measurement of 187 

Inaccuracy in rain-fall records . . . ^. . 2 

Induction motor panel equipment .... 241 

Intake calculation 142 

Iron and steel ; rivet efficiency in 92 

; guards (see Poles) 289 

Joint; expansion, for pipes 81 

— riveted, in pipes 90 

Jonval or axial turbines 150 

Kutters formula 26, 45, 46, 50, GO, 70 

, diagram of 46 

Lakes; influence of, on run-off 7, 17 

Legislation on fishways 143 to 145 

— of water power 413 

Levy's method for calculating stresses 

in dams 124 

Lightning arresters 214 

; choke coils 216 

; electrolytic 216 

; horn, and setting of gaps . 214, 216 

— — ; hour glass type of choke coil . 216 

—; multigap - 215 

Line entrances 239 

Load, Study of probable 318 

Lubrication; (see Bearings) 189 

Manholes 81 

Masonry dams (see also Dams) 112 

Materials; coefficients of friction of 

various 115 

Measurement; units of, and conversion 

tables 19 

— ; evaporation 11 

— ; meter 29 

— ; turbine discharge 177, 187 

Mean hydraulic ractius 42 

Mechanical type of governors 197 

Meter measurement; computation of . 29 
Mixed flow or American turbines 149, 163 
Moisture; influence of, on transformer 

oil 225 

Motor- Generator 245 

Movable dams •. 138 

Multigap lightning arresters 215 

Kagel condenser 238 

Observation stations 2 

Oil ; transformer 225 

— pressure bearing for vertical shaft 191 

Opening; gate, area of 82 

Operation costs of plant 322 

Outlet; wall 238 

Panel equipment of standard switch- 
board, medium capacity 239 

— ; exciter, equipment of 241 
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Panel feeder, equipment of three-phase 
and single phase 241 

— generator, equipment of 239 

— induction motor, equipment of . . 241 

— type of switchboard 212 

Pelton or impulse wheels 171, 187 

— wheel; details of regulator 201 

Penstock diagram 66 

— bridge; self-supporting 98 

Periods of storage; growing and re- 
plenishing 7, 8 

I Piers for pipe 85 

I Pipe coating 80 

— CJox formula for 61 

' — elbows 83 

I — expansion joints 81 

I — metal, thickness of 90 

I — pressure 59 

— protection against freezing 87 

: — reinforced concrete, (see Concrete) 94 

— riveted joints in 90 

Pipe steel, specifications for 79 

— Thurso's table of permissible speeds 

of water in 59 

— wooden stave 94 

Pit; wheel 205 

Pitot tube 181 

I Plants described in the present work: 

I Boulder Development, Colo 396 

Campocologno, Switz 393 

I Cedar Falls, Wise 345 

! Cervara, Italy 357 

Central Georgia 362 

Durance River, France 368 

Erindale, Canada . , 354 

Grace, Idaho 380 

Great Falls, Catawba River 356 

Great Western, Calif 84, 379 

High Falls, Wise 358 

Ingeredsfors, Sweden 848 

Johnsonville Development, N. Y. . . 339 
Mississippi River at Keokuk 113,341 

Ketchikan Plant Alaska 378 

Kern River, Calif 173, 383 

Kykkelsrud, Norway 150, 352 

Limmat River, Switz 332 

Menominee and Marinette, Wise. 336 

Manitou, Colo., Pike's Peak 397 

Marble Falls, Texas 355 

McCall Ferry Development .. 165,347 

Mohawk, Ephratah, N.Y 374 

Necaxa, Mexico 109, 388 

NevadaMiningandMillingCo.,Calif. 386 

Poglia River, Italy 401 

Queenston-Chippawa, Ontario 374 

Rio Janeiro, Brazil 384 

Schaghticoke, Hoosic River, N.Y. 139 

180,367 
Shawinigan Falls, Canada 167, 183, 371 
Sioux Falls Development, S.D. .. 350 

Stave Falls, Canada 361 

Sturgis, Mich 335 

Strangf jord, Norway 373 

Tuili^re, France 332 

Urf ttalsperre, Germany 372 

Vauvry, Switz 399 

Vizzola Development, Italy 361 

White River Development, Calif. 150, 381 
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Plants described in the present work: 

Winnipeg Electric Railway Co. . . 844 

Wolf Creek, Mont 364 

Pluviometer (Rain gauge) 2 

Poles ; (see also Towers) 288 

— average life of 292 

— — — cross-arms with strap iron 
guards ....*. 290 

— — — — — bracing and setting of 289 
— decaying wood reinforced by 

concrete 303 

— — — frames for heavy stain ter- 
minals 291 

— , mechanical aspects of wooden 288 

, preservation 291 

, reinforced concrete 303 

— — , standard spacings 289 

— — — , steel, standard specifications 301 

Possenti formula for flood flow 14 

Power; auxiliary 324 

— development; study of 330 

Power house equipment 203 

— — ; machinery foundations 237 

— — ; site, economics of 31 1 

— projects; investigation of 311 

Pressure; atmospheric 87 

— pipe; calculation, formulae f or . . . 60 

— — diameter, variable 63 

— — dimensions, economical 72 

— — deformation of 75 

— — efficiency, riveted joints 72 

— — influence of variable diameter, 
gradient and weight 64 

— — intake calculation 142 

— — water hammer in 93 

— step-bearing for vertical shaft, 'oil 191 

— trapezoid of 119 

Price meter 27 

Prismatic and non-prismatic reservoirs 

814,315 

Probable load; study of 818 

Prony brake for testing water wheels 175 

Protection of pipes against freezing . . 87 

— of telephone wires near power lines 264 

Races; head and tail 209 

Racial, inward and outward flow, tur- 
bines (see Turbines) 149 

Rain gauges / 2 

Rainfall; annual, variation 2 

— mean monthly 4 

— records 5 

Reaction turbines (see Turbines) .... 154 
Regulating and registering gates . 201, 202 
Regulator; automatic voltage, Tirrill 

system 213 

Reinforced concrete flume; cost 50 

pipe 94 

poles 303 

Relays 213 

Relief valves 85, 195 

Replenishing period, storage reservoirs 8 
Reservoirs; prismatic and non -pris- 
matic 314, 315 

— storage, evaporation as a factor in 18 
Resonance in A.C. transmission lines 257 

Riveted joints in pipe 71, 90 

— , efficiency 92 

Rockfill dams 108 



Page 

Rotary converter 245 

Ruffieux method, calculation of stresses 

in dam structures 124 

Run-oflf; elements fhat influence 7 

8ag in existing transmission lines 307 

Screens 203 

Seepage; pressure on dams 128 

Shaft bearings 189 

Siphon 86 

— spillway 135 

Sliding of dam 112 

Slope ; definition 42 

— ; measurements 26 

SI vice gate; flow formulas 40 

— — ; intake calculation 142 

— '—; Stoney roller, for movable dams 138 

Snowfall measurement 2 

Snow, wind & temperature; influence 

of, on transmission lines 307 

Soils; safe bearing power 112 

Spacing of piers for reinforced concrete 

pipe 95 

— standard, for transmission line poles 289 
Sparking distances, transmission lines 263 
Specific; speed; Taylor's simplified for- 
mula for turbines 163 

Spillway dam 132 

Standing wave, backwater 148 

Stave pipe; wooden 94 

Steam power 824 

Steel dams 118 

— poles 301 

— towers 292 

Step-bearing for vertical shaft; oil 

pressure 191 

Storage; artificial, influence of evapora- 
tion 17, 18 

— ; reservoirs 314, 324 

Streams; accurate measurement of. . 12, 24 
— , average velocity of, and velocity 

measurements 18 

— , classification 1 

— , flow estimates 12 

— , measurements of, by U. S. Geologi- 
cal Survey 404 

— , study of, as per hydrographs .... 14 

— , velocity, minimum and maximum 13 

Strength of conductors 304, 307 

Submerged weirs; flow over 36 

Sub-station; arrangement 226 

— , railway converter 244 

— , types of, comparative area required 

and costs of three 237 

Surge tanks 315 

Suspension insulator^ 285 

Switchboard 212, 239 

— ; connections with- line 212 

— ; direct and remote control 212 

— ; panel, bench or deekboard types.. 212 

— ; pedestal or column type 213 

Taylor simplified formulae for tur- 
bines 163 

Telephone lines located near power 

lines; protection of 264 

— stresses in masonry dams 114 

Thury system, transmission line 251 

Tests for water wheels 175 

— Prony brake 175 
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Towers; steel, conditions governing 
design 299 

— — details of 292 

— — durability of 299 

— - flexible 292 

— — suspension insulators for 285 

— — , tripartite 293 

Transformers . . . . ! 217 

— cooling 221 

Transmission lines 249 

— calculations for 254 

— conductors, aluminium 311 

— — ; corona effect in 261 

— — Kelvin's law for 267 

— — strength of 304 

~ — direct current 268 

— — disruptive and sparking distances 262 

— frequency 251 

— guard wires 287 

— — ; high-voltage disturbances 260 

— insulators, design 282 

— loading and transposition in tele- 
phone lines 264 

— poles for 288 

— single phase, calculation . . 270, 271, 275 

— stresses 304 

— — ; surges in 259 

— — influence of wind, snow and 
temperature 305 

— tension, choice of 254 

— three-phase calculations 273, 279 

— Thury system 251 

Tunnels 56 

— drains and sand traps for 57 

— overflow for non-pressure, arrange- 
ment of 57 

— sections of 57 

— transmission line cable-tunnel, cross 
section of 396 

Turbines; American or mixed flow. .. 163 

— axial or Jonval 150 

— bell, spoon and governor .... 153, 155 
-^ Bemouilli theorem 157 

— Boyden diffusers 159 

— chambers 205 

— characteristics typical of 173 

— chemical method for measuring 
discharges 178 

— classification of 149 
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Turbines comparison of impulse and 
reaction wheels 1 54 

— discharge measurements 177, 187 

— efficiency ....►, 174 

— energy loss^ 159 

— flow, inward, or Francis 150 

— — mixed, or American 149, 163 

— — outward radial, or Foumeyron 149 
, variation of, through 161 

— horizontal and vertical shaft 1 55 

— installation of Francis 207 

— Pel ton wheel classification 151 

— Prony brake for testing 175 

— testing 175, 180 

— type characteristics 173 

— Venturi meter meMurements 186 

United States, available water power In 402 
Valves; air 85 

— hydraulic relief 195 

Vapor, force of, in air 12 

Vegetation, influence of, on canal flow 45 
Velocity measurements, water 25 

— mean 27 

— canal, Bazin formula for mean . . 44 

— — maximum mean and minimum 43 

— — safe bottom 43 

— distribution 43 

— integration method 28 

— pipe, permissible speed of water in 59 

Velocity of wind; corrected 308 

Venturi meter measurements of turbine 

discharge 186 

Wall outlets .\ 238 

Water hammer in pressure pipes .... 93 

— power; regulations of United States 
Government regarding 413 

Weir; broad crested 37 

— curved in plan 38 

— measurement of flow over 30 

Weifibach formula 61 

Wetted perimeter 42 

Wheel buckets 173 

— pit 205 

— testing 175 

— thrust bearing 191 

Wires and cables, stresses on 305 

Wooden stave pipe 94 

Zodel joint coupling 195 
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